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Abstract 

The principle objective of this study was to describe and record all the gathering 

and processing skills of vervet monkeys for a variety of different foods. The study 

was conducted on two troops of vervet monkeys living in the Palmiet Valley, 

Natal, South Africa. There was sufficient data to analyze the processing of four 

foods of differing complexity; termites, leaf shoots, sugarcane and fruit. 

Milton (1988) proposed that the intellectual difficulties of finding and processing 

food led to the evolution of intelligence. In the only study of food processing skill, 

Byrne and Byrne (1993) showed that gorillas use a hierarchical organization 

perhaps reflecting imitation at the program-level. The question to be asked in this 

study was, would vervets also organize their processing into a few techniques for 

specific foods and would it then be possible to identify learning mechanisms used 

by the monkeys? The current literature suggests that monkeys use simple solutions 

to their foraging problems, there is no evidence for imitation of feeding skills in 

monkeys. 

At the most detailed level of analysis, grip types used in the processing of foods 

were described. Existing definitions in the literature were not adequate to explain 

the monkeys' hand use, and new definitions were added. High individual 

idiosyncrasy was a feature of grip usage across all four foods, although firm 

conclusions are not possible because of the known effects of sample size. Cluster 

analysis was considered the most appropriate method to look at individual 

variation in grip usage. There was an age effect for leaf shoots and sugarcane, 

with juveniles restricting their usage to the necessary core grips. 

The hand preferences for individuals across tasks gave no support for the theory of 

the evolution of laterality presented by MacNeilage et al. (1987). There was a low 



degree of individual preference for five out of six tasks, with only termite feeding 

showing a hand preference. There was some evidence for a right hand reaching, 

left hand manipulation preference, opposite to MacNeilage's prediction. There was 

an age effect in direction and strength for two tasks, adults having a stronger left 

hand preference in contrast to a weaker right hand preference in juveniles for leaf 

shoots and large fruit. 

Matrices of the transitional probabilities between two elements, were used to 

construct the common pathways of processing skill for each individual. Flow 

diagrams were then created to represent the minimal decision processes used by 

the monkeys. The diagrams were used to compare individuals' choice of pathways. 

Cluster analysis was used to analyze pathway choice in detail; none of a variety of 

independent variables could explain the high individual variation. Whether whole 

foods or just parts of foods were eaten did explain some of the variance for 

sugarcane and fruit. The most parsimonious explanation is that social enhancement 

resulting in trial and error learning best described individuals' acquisition of 

processing skill, although a number of other factors may explain the observed 

results. 
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Chapter 1 

Introduction 

For all its variation in shape, the overall function of the hand is universal. Some 

individuals may be "good with their hands" and others "all fingers and thumbs" but the 

basis for skill does not lie in the hand. It is in the brain that dexterity and adroitness 

originate (Napier 1980). Object manipulation is of particular interest to psychologists 

because it is often linked with practical intelligence, with the flexibility and complexity 

of an individual's actions on the environment acting as an indicator (Lethmate 1977). 

In primate evolution, the dextrous hand came before the enlarged brain (Jolly 1964). 

However, Old and New World monkeys have a relatively larger neocortex than other 

mammals and a greater ability to perceive and learn relations between unfamiliar 

objects. Since vision allows fine differentiation of the surroundings and the hand 

allows fine control, their development seems intimately related to the evolution of 

primate intelligence. It is, therefore, of interest to trace the control of the hand in 

primates and to see what relation this has to the general behaviour of the hominids, in 

particular to the evolution of man as a problem solving tool user. There are two 

possible approaches to study any evolutionary path, suggested by Preuschoft and 

Chivers (1993): either the morphological approach, which starts with body form and 

raises questions about function and its biological role for the individual, or the 

functional approach, which starts with the actual requirements of life and then 

examines possible bodily adaptations for improving the chances of survival. 

Descriptive studies of primate prehensive skills are important for three reasons. 

Firstly, they provide a necessary step toward the evaluation of theories on cognitive 

functioning that rely heavily on the analysis of manipulative skills (Costello and 

Fragaszy 1988). For example, Parker and Gibson (1977) proposed that dextrous 



2 

manipulation of objects contributes to their exploration by the animal and that fine 

exploration of objects is a correlate of highly developed sensorimotor intelligence. 

Secondly, progress in understanding the evolution of manual function requires 

comparative data on the relationship between hand preference and prehensive grip. 

Thirdly, studies of prehensive grip can shed light on the relationship between manual 

function and foraging behaviour (Costello and Fragaszy 1988). 

The apes have been intensively studied in attempts to ascertain their ability to perform 

manipulative skills, in particular studies have concentrated on tool using abilities, 

specifically in the chimpanzee (for example McGrew 1992). In contrast, studies of 

monkeys' manipulative skills are rare and have tended to concentrate on the capuchin 

monkey who also use tools (Costello and Fragaszy 1988). The flexible behaviour of 

vervet monkeys make them an ideal subject for a study of feeding skill. Many studies 

of vervet populations report that they have a flexible diet, an ability to shift their diet 

between protein sources and an ability to switch foraging strategies. They presumably 

eat a diverse number of foods, such as tough fibrous acacia pods, flowers, seeds and 

even crabs; this requires a considerable behavioural repertoire of actions to enable 

them to process these foods. This raises the question of how do vervets eat such a 

wide variety of foods and how extensive are the behavioural repertoires involved? 

Despite the considerable literature on vervet monkeys, there is little explanation of 

how they process the foods they eat. To date the only descriptions of feeding skill in 

the vervet monkey has been limited to statements such as this one by Kavanagh 

(1978): 

"tantalus is similar to other races of C. aethiops that have been studied, 

they are omnivorous and lacked any narrow specialisation's of either 

diet or feeding technique. .. 
This lack of specialisation is reflected in its 

feeding techniques which involve the use of a variety of motor 

patterns, often within a brief period of time. " 
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While this may be true there was no evidence of exactly what the monkeys were 
doing. Klein (1978) used more detailed descriptions to describe the vervets food 

processing, for example this is his description of vervets eating the mature seeds of 
Acacia xanthophloea: 

"vervets ate the seeds within the seed pods. Pods first pulled from a 
branch, visually in groups of 2 or 3 pods. The animal bit each pod 
open with rapid incisal motions, apparently extracting one seed from its 
case with the same motions, perhaps with the aid of the tongue. After 
the seed was extracted, it was rapidly husked inside the mouth and the 
outer wax coat of each seed was discarded. Often several seeds were 
extracted and their wax coats removed at the same time". 

Interestingly he does mention one female who varied from the pattern described above 

"Eark ate tortilis mature seeds ineptly when she was observed at age of 
145 days. She was able to extract seeds from pods, but she did not 
take the additional steps required to remove the fibrous seed coat and 
swallow the seed. She dropped seeds on the ground after tearing the 

pods open". 

My study was an attempt to document precisely how vervet monkeys process food. 

To do this I needed to develop several new techniques, which may now make this 

area of research easier and allow eventual cross-species comparison. It is important 

to view this type of research, which crosses the boundaries of biology and 

psychology, within a larger framework. To understand where a study of foraging skill 

fits in with our current knowledge of feeding I have presented a conceptual model 

devised by Cant and Temerin which summarises our current knowledge and outlines 

where there is a deficit in our understanding of how animals forage. The rest of this 

chapter is taken up with explaining the psychological view with a more detailed look 

at the role of foraging strategies as a force behind the evolution of intelligence and 
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then examining what we know about monkeys in terms of their foraging and learning 

skills. 

Foraging Adaptations in Primates 

A common practice of biologists studying adaptations has been to divide animals into 

different categories of traits defined by academic disciplines, for example, 

morphology, physiology, behavioural, and then analyse traits of one kind separately 

from attempts to understand other sorts of traits. But this method fails to take into 

account the integrative nature of adaptation and evolutionary change. 

Cant and Temerin (1984) presented a general conceptual framework for investigating 

primate foraging. Foraging was defined as the location, acquisition and assimilation 

of food. Thus all behavioural activities and physiological processes leading to 

nutritional gain are included under this definition. Instead of the trait-category 

approach they looked at foraging adaptations from the perspective of problems faced 

by a primate in finding and acquiring food. 

All primates have the same general need to acquire energy, amino acids, minerals, 

vitamins, water and certain fatty acids, but their specific individual requirements vary 

and are met in a great variety of ways (Essock-Vitale and Seyfarth 1987). No one 

species has a diet identical to another, and even within a species there is usually 

variation in diet between individuals, social groups and populations. This is partly a 

result of spatial and temporal variation in what the environment provides and partly a 

result of physiological and anatomical variation within and between primate species. 

Limb structure as well as size will determine what foods a primate can reach and 

gather while jaws, teeth and guts will play a major part in determining what items can 

be processed once they are gathered. 
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There is a need by the primate to balance a food's nutritional content and its physical 
form. The value of a food item depends not only on its contents but also on the form 

of those contents and the efficiency with which an animal can digest them (Richard 

1985). It is a difficult task to determine precisely an animal's nutritional requirements. 
In principle too little food, too much food or the wrong food can all have adverse 

effects. 

Food scarcity is important in controlling adult populations of many carnivores. Even 

when food is abundant, starvation is a common cause of death among young, they 

reach a stage of development when they are too large to be nourished adequately by 

their mother's milk but are likely to be driven away by adults (Richard 1985). But for 

herbivores the importance of food as a limiting factor is a matter of debate. It has 

been argued that the plant world presents them with more than enough food. But all 

that is green is not food; Struhsaker (1976) attributes the high mortality rate of young 

vervet monkeys to their inability to cope with a seasonally low quality food supply. 

Primates generally inhabit complex environments. Habitat structure is often three 

dimensional and uneven, there is substantial variation in the relative abundance and 

distribution of potential food sources, con-specifics, co-consumers and so on. The 

problems faced by primates thus tend to be complicated and also exhibit short term 

variation as well. However primate behavioural repertoires are generally large. Cant 

and Temerin (1985) note that it is important to document animal-environment 

interactions with respect to the immediate contexts of problem-solving, lest important 

components of problems and solutions be missed or casual relationships be obscured. 

The conceptual framework presented by Cant and Temerin (1985) is illustrated in 

figure 1.1. The goal of a foraging animal is to meet its metabolic demands for 

nutrients and water. The strategy therefore starts with an animal that must satisfy a 

particular set of nutritional needs. Environmental factors (both biotic and physical) 
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determine the circumstances under which needs must be met, examples are climate, 

physical structure of the habitat, presence of predators, spatiotemporal distribution of 

food patches, physical characteristics of food items and so on. The two elements of 

animal needs and environment combine to produce problems that the foraging animal 

has to solve. 

Figure 1.1 A Model of the Foraging Process (taken from Cant & Temerin 1984) 

Arrows indicate deterministic relations between classes of variables. 

problems animal needs + 
+ 

animal traits 

evoli 
ti 

behavioural capacitie 

solutions 

dietary composition 

survival 
growth 
reproduction _ 

population density 

environmental 
context 

Cant and Temerin (1984) describe eight major problems a foraging animal must solve, 

including "when to forage" and "how to move within a food patch", a discussion of 

these problems will be presented further on. Other problems are listed in the Table 

1.1. 
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Table 1.1 Some Components of the Forage Universe (taken from Cant and Temerin 

1984. An * indicates those issues of interest to this study. 

1. Environmental Factors 
Climate 
Physical Structure of habitat 
Predators 
Co-consumers* 
Spatiotemporal distribution of food patches 
Patch size 
Arrangements of food within patch 
Physical characteristics of food items* 
Constituents of food items 

3. Animal Traits 
Morphological 
Body size and proportions 
Tissue proportions (skin, fat, muscle etc. ) 
Musculoskeletal structure of limbs, trunk 

jaw, neck and face 
Dentition 
Digestive tract structure and volume 
Brain size and structure 

2. Foraging Problems 
When to forage 
How to locate a food patch 
What food patch to enter* 
How to move within a food patch 
How to acquire food items* 
How to ready items for ingestion* 
When to leave patch 
How to travel between patches 

4. Behavioural Capacities 
Cognitive and perceptual 
Learning and problem-solving abilities* 
Abilities to respond to sensory stimuli 
Travel 
Locomotor abilities 
Thermoregulatory abilities 
Feeding 
Postural abilities 

Sense organ structure Manipulatory abilities* 
Physiological Masticatory abilities 
Contraction rates & fatigue resistance of Digestive abilities 

muscle fibres 
Metabolic pathways 
Rates of metabolism 
Digestive processes 
Neurophysiological function 

Each primate displays a particular set of morphological and physiological 

characteristics that influence its foraging capacities. These animal traits place intrinsic 

limits on what a primate can do in particular circumstances, that is, its behavioural 

capacities. Behavioural capacities can be divided into two major categories of interest 

in this review (see table 1.1). Cognitive and perceptual capacities feature things like 

memory, problem-solving capabilities and the relative importance of the various 

sensory modes. Feeding capacities include the acquisition of food items and the 

eventual assimilation of nutrients. These capacities enable an animal to solve the 
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problems encountered and also determine the precise manner in which solutions are 

achieved. A particular dietary composition is the eventual outcome of this, diets 

comprise a variety of food types and they also exhibit particular species composition. 

Dietary intake is intimately related to an animal's survival, growth, and reproduction, 

through its role in determining the allocation of nutritional gain to different categories 

of metabolic needs. The consequent impact on animals' life history traits is eventually 

manifested at the population level by variations in population density. The last 

components of the foraging universe influence other groups of variables contributing 

to the foraging process and thus introduce feedback; see figure 1.1. 

This is an abstract model of the foraging universe which I have used to highlight the 

area of research I am interested in: behavioural capacities and the solutions to 

foraging problems. It is important to see these elements within the larger framework. 

The framework, however does not portray adequately the very varied nature of these 

elements. Cant and Temerin (1984) explain the eight problems faced by the foraging 

primate in considerable depth; however, for this review I have concentrated on those 

aspects related to food acquisition and manipulation. Each problem is considered as a 

logical sequence, although it must be remembered that solutions to one problem are 

rarely separable from solutions to another. Cant and Temerin (1984) represent each 

problem under discussion as a central circle. This is surrounded by concentric bands, 

representing components of the foraging universe. Functionally allied elements are 

grouped into clusters, and when there are more than one cluster, each constitutes a 

particular aspect of the problem. 

Problem 1: When to forage? Primates typically alternate foraging with other 

activities, so the first problem is when to forage. For an example of the foraging 

diagram see figure 1.2. 
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Variables pertinent to the problem and its solution are organised in concentric bands 
about a central circle. Proceeding outwards, the bands comprise animal abilities, 
capacities, environmental variables, and the other problems whose solutions are 
relevant in the present context. Functionally allied elements are grouped into 
separate clusters (a - d), and the dashed line represents the interface between 
organism and environment. Taken from Cant and Temerin, 1984. 
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Problem 2: How to locate a food patch? The food patches of primates are 

probably uneven in distribution. Animal search patterns must deal with this by 

reducing the random element of search as much as possible. 

Problem 3: What food patch to enter? For a diagrammatical presentation see 
figure 1.2. Primates must choose among many potential food sources when they 

decide which to exploit, each decision is represented by entry into a particular food 

patch. An item should be excluded from a primate's diet if the animal is unable to 

derive any nutrient benefit from it. A number of variables relate to how animals gain 

possession of food items they eventually ingest. Certain food characteristics, 

including the way plant items are attached to the substrate and the nature of prey 

microhabitats, help determine the techniques of food procurement a consumer must 

employ. An animal's cognitive and perceptual capacities contribute to methods of 

appraising food patches. Choice among food patches by foraging primates should be 

strongly related to the efficiency with which each can be exploited. 

Problem 4: How to move within a food patch? Once a food patch has been 

entered the foraging primate must gain access to food items. Patterns of movement 

within the patch depend both on abilities to locate food items and on locomotor 

abilities. 

Problem 5: How to acquire food items? Food items must be procured before 

they can be eaten. There are two aspects to the problem, first an animal must stabilise 

its body while acquiring items, and second an animal must actually gain possession of 

each food item (see figure 1.3). A primate's ability to detach plant parts or catch prey 

is influenced by its manipulatory abilities, particularly the prehensile component, that 

is, the ability to use the teeth, lips, hands and possibly feet to grasp and remove (or 

immobilise) food items. These prehensile organs involve a wide variety of animal 

traits such as thumb length and opposability, in combination with hand musculature 

and innervation, contribute to the ability to manipulate small objects. Perceptual and 

cognitive capacities are also critical, for example, eye-hand co-ordination in the 
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capture of prey and problem-solving abilities in the use of tools to obtain otherwise 
inaccessible items. 

Problem 6: How to ready items for ingestion? Most of the food items that 

primates acquire must be readied for ingestion. This consists of two activities: 

preparation and mastication (see figure 1.4). Many items include edible and inedible 

(or undesirable) parts, and in some cases these act as barriers to ingestion as well. 

There may be soil adhering to the bases of grass stems, tough husks on fruit, large 

seeds, or dense hairs on caterpillars, for example. Both manipulatory and masticatory 

abilities, including hands, lips and teeth, help the consumer to extract the portions it 

wishes to eat and discard the rest. Problem-solving abilities also contribute to this 

behavioural capacity. 

Problem 7: When to leave the patch? A primate's decision to leave a patch 

and forage elsewhere, or how long it feeds in a patch, may be a response to patch 

depletion, interference from other consumers or satiation. 

Problem 8: How to travel between patches? Primates must get from one 

patch to another. This is a multifaceted problem, involving choice of progression 

route, locomotor mode and travel speed. 

In conclusion then it can be seen that foraging involves repeated solutions to problems 

that are constantly changing in nature (Cant and Temerin 1985). Cant and Temerin 

suggest that in accordance with the framework's emphasis on problems and solutions 

in foraging, the first task should be documentation of the behaviours that constitute 

solutions to the problems outlined above. For most of the problems this has been 

done, particularly 1,2 and 3, however I believe that the data for problems 5 and 6 

have been neglected and the solutions cannot be identified for many species of 

primate, as I will show in further sections. 

If the non-human primate possesses the necessary morphology and incentive to 

forage, what separates one species from another in being successful or not in the 
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processing of food? To be successful at problem solving we must assume a certain 

level of intelligence; and primates have the largest brains proportionately to body size 

of all the mammals. It has been suggested that a larger brain results in greater 

intelligence, but what exactly is intelligence and how can we study it? What problems 

in an animals environment indicate the use of intelligence over genetic predisposition 

to exhibit a certain behaviour in response to a stimulus? 

The Evolution of Intelligence: 

Every species demonstrates successful adaptation to its environment, but this does not 

mean that every animal which survives is intelligent. As Byrne (1995) points out, 

while animal adaptations are very interesting, by calling them "intelligent" nothing is 

added to our understanding of behaviour. In theory, the search for diagnostic actions 

with which to deduce variation in intelligence between species could be simplified by 

separating all animal behaviour into the discrete categories 'innate' and 'learned', using 

the latter category as the measure of intelligence. Unfortunately most animal 

behaviour is influenced by both genes and learning, a good example being bird song, 

where young passerine birds are predisposed by their genes to remember the songs 

they hear that match a particular pattern. On reaching adulthood they improve their 

own song by comparing their song with this memory, is this innate or learned? 

In humans we recognise a set of abilities as contributing to `intelligence', and these 

abilities are all intrinsically to do with efficient processing of information. It would 

perhaps be rash to assert that this variation does not usefully also characterise certain 

variation among species. Byrne (1995) suggests that the term intelligence should be 

restricted to that quality of flexibility that allows individuals to find their own 

solutions to problems; while genetic adaptations are fixed and inflexible. He thus 

proposes that intelligence must involve an individual's ability to: 

1. gain knowledge from interactions with the environment and other individuals; 
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2. use its knowledge to organise effective behaviour in familiar and novel contexts; 

and 

3. deal with problems using any ability to put together separate pieces of knowledge 

to create novel action. 

By contrast, some biologists, notably MacPhail (1985), doubt whether intelligence is 

an appropriate measure by which to compare animals at all. MacPhail (1985) points 

out that is has proven difficult to establish that any observed differences in 

performance is due to a difference in intellectual capacity rather than to a difference in 

contextual variables He suggests three hypotheses that might explain this: (1) the 

currently available data has been misinterpreted with the role of contextual variables 

having been exaggerated; (2) that the questions posed by comparative psychologists 

have been inappropriate; learning mechanisms are adaptations evolved for life in a 

specific ecological niche, so that mechanisms available to species from different niches 

are not properly comparable; and (3) there are in fact neither quantitative nor 

qualitative differences among the intellects of non-human vertebrates. MacPhail 

considers that man's intellectual superiority is due solely to our possession of a 

species-specific language acquisition device. 

While it is true that there are still no generally agreed measures to test species 

differences, it is more widely accepted that there must be some species differences in 

what may usefully be called intelligence. There is one feature of the vertebrate that is 

very hard to explain, other than for the benefit of intelligence, and that is the 

possession of a large brain. There are real reasons for believing that brain 

enlargement must confer evolutionary advantage. The human brain is uniquely large 

among primates. Primates show a trade off between species whose brain is near-adult 

size at birth, and in which little postnatal brain growth occurs; and those whose brain 

is still rather undeveloped at birth and postnatal growth is seen. Humans combine 

large brain size at birth plus growth of the brain for many years after birth. There are 
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however, considerable costs to this: the brain is energetically expensive, using 20% of 
basal metabolic rate (in adults), and a constant supply of energy has to be maintained. 

There is another disadvantage, there are many dangers involved with giving birth to a 

large brained baby, both for the mother and the baby. We do not doubt that these 

costs have been outweighed by intellectual advantages in the human; but other species 

also differ strikingly in relative and absolute brain sizes. Among non-humans, large 

brains must have some functional significance or they could not have evolved against 

the costs. Intelligence is proposed as the only plausible explanation. 

To date, the most feasible measure of intelligence has been to use an indirect method, 

Dunbar (1992) has used neocortex size to ask whether neocortical volumes match 

measures of social or environmental complexity. (Passingham, 1982, showed that this 

area of the brain varies the most between species, while the rest of the brain shows 

much less evolutionary change). Dunbar proposes that neocortical size limits the 

social complexity that an individual can cope with: social complexity increases with 

group size, so groups begin to fragment when their size increases past a complexity 

limit set by neocortical size. It must be remembered that this is still an indirect 

method of estimating intelligence. 

If intelligence has now been linked to social complexity what relationship does manual 

skill in monkeys, the topic of this thesis, have with cognitive evolution? While it may 

be the case that social complexity was the main factor promoting high investment in 

neocortex seen in the evolution of haplorhine primates, this increase is likely to have 

implications for other activities. In any case, an influence of manual skill on primate 

brain evolution cannot yet be safely ruled out. For instance, Corballis (1991) points 

out that separating the roles of manual versus social skill in cognitive evolution may 

be impossible. Having hands that are capable of using and manufacturing tools 

(equally for manipulating food items) and for communication had a survival value of 

its own, but required co-operation and communication between different individuals, 
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leading to selective pressure for further increases in brain size. Corballis attributes the 

initial increase in brain size of the hominids to the need to manufacture stone tools, 

but then subsequent development must have had other causes (tool technology 

changed little from Homo habilis through H. erectus to archaic H. sapiens while brain 

size increased dramatically). 

Most mammals pick up food and other objects with their mouths, but in primates the 

hand has become specialised for this purpose. Parker and Gibson (1979) argued that 

the need for certain primate species to extract edible material from a concealing 

matrix has selected for both manipulative ability and imaginative foresight. Most 

attention has been concentrated on the specialised abilities of few species to use tools 

rather than manipulation in general, as tools offer possibly the best opportunity to 

understanding cause and effect relationships in an animal's mechanical environment. 

Extensive studies have been conducted with various primate species demonstrating an 

ability to use tools; Chevalier-Skolnikof (1989) has reviewed the data on the Cebus 

monkey who use sticks to rake food, arrange sticks in order to climb up to reach 

food, use twigs to push food from tubes or pry open lids, throw objects at people or 

other animals, and use stones and sticks in order to break the shells of nuts. 

However, Visalberghi and Limongelli (1994) in a series of experiments were able to 

show that the capuchin monkeys were not using necessarily the most appropriate tool 

available and hence showed no insight. Chimpanzees can do all the above as well as 

use twigs to extract termites from their holes, and even modify the twigs for this 

purpose (Goodall 1970). They also use stones for cracking open palm nuts, even 

transporting them to where the trees grow (Boesch and Boesch 1993,1994). 

Chimpanzees are also more advanced than monkeys in their use of tools because they 

will select only certain objects to try to solve a problem. This apparent selection of 

objects to solve a problem shows that the tool's functional properties are specified in 

the chimpanzees understanding of the needed tool (Byrne 1995). Foley (1987) 

suggests that the next development in the primates was the manufacture of stone 
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tools, an ability that is unique to the genus Homo. Passingham (1982) goes so far as 

to state that "The skill and precision of the human hand is without doubt the result of 

selection for greater dexterity in the use and manufacture of tools". 

Great apes share a common ability to modify and use tools, even to the point of being 

taught how to manufacture a stone tool (Wright, 1972, taught an orangutan, Abang, 

to make and use stone flakes and Toth et aL 1993, is working with a pygmy 

chimpanzee, Kanzi, who is successfully making stone tools), yet only the common 

chimpanzee uses these skills in the wild. Byrne (1995) suggests that tool use and an 

ability to understand object properties are a by-product of other abilities, which all the 

great apes rely on. The example he uses proposes that a gorilla's ability to fold nettle 

leaves to avoid painful stings (Byrne and Byrne 1991) shows that they can learn a 

structured, several-stage task involving highly specific elements. This ability may 

depend on just the same understanding of how the physical world works as does tool 

use. Our understanding of the techniques used in feeding on plants by monkeys and 

apes lags far behind our understanding of tool use, so it is too early to say whether it 

played a role in cognitive evolution or not, but equally, until more is known, neither 

can it be ruled out 

In the following review the information has come mainly from the literature on 

monkeys. Although there is without doubt more information on many of these topics 

for apes, and in many cases the data is far more convincing than for monkeys, it is not 

directly relevant to the question studied here. In order to keep my review to a 

reasonable length I have concentrated on studies of monkeys, and only where 

monkeys fail to offer suitable examples have ape studies been considered. The gross 

imbalance on the number of studies conducted on apes in comparison to monkeys is in 

fact rather odd: why should monkeys have been sidelined in the attempts to 

understand our own cognitive evolution? We cannot infer differences between ape 
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and monkey intelligence if the literature is already biased to the apes, who 

demonstrate more readily features of human like intelligence. 

Two hypotheses have been proposed in attempts to explain the evolution of 

intelligence. In the following section I have summarised the two theories and some of 

the evidence used to support the ideas. It is, however, important to remember that it 

is unlikely that we will ever be able to discount one or other of the hypotheses. 

Indeed, the most likely scenario is that both influence the evolution of intelligence to 

varying degrees. 

The Social Intelligence Hypothesis. 

In recent years the social aspect of primate lives has received increasing attention as a 

possible mechanism by which primates acquired relatively larger brains and 

intelligence. The environment for a social animal includes not only other species of 

animal and plant and the physical world but also its own companions (Humphrey 

1976). Social companions are potential competitors for mates and food. Social 

companions may change over time, often rapidly and interactively and have the same 

level of intelligence (Byrne, 1994). As a result an individual's companions may be a 

very challenging problem for that individual and yet for many species long lasting 

associations appear to be beneficial. 

Social species of primate display both complexity of social manipulation, for example 

reciprocal altruism (Packer 1977); and considerable knowledge of social information, 

for example vervet monkeys responses to playback experiments by Cheney and 

Seyfarth (1990). In a series of experiments they were able to establish that vervet 

monkeys have a knowledge of the dominance ranks, patterns of close association and 

group membership of individuals. The ability to categorise animals in the environment 

has also been demonstrated as a feature of monkey intelligence. Struhsaker (1967) 
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was the first scientist to record that vervets have specific alarm calls for different 

predators. Seyfarth et al. (1980) used playback experiments to establish whether the 

calls showed true referential ability rather than indicating different levels of fear. In all 

the tests the reaction was always specific to the call; the leopard alarm call sent the 

monkeys running for a tree and scanning the horizon. Nor was their response rigid, 

when there was a real leopard and the scanners had seen it, they only moved if their 

position was not already suitable to avoid the predator. 

The evidence suggests that monkeys are expert at using their social environment. But 

the picture is not quite so clear as it seems. Vervet monkeys appear to be unable to 

recognise apparently useful secondary cues within their environment. Cheney and 

Seyfarth (1985) conducted a series of experiments where they wanted to test a 

vervets knowledge of social and non-social stimuli. Vervets were played the calls of 

two species that were always to be found near water, the hippopotamus and black 

winged stilt (Himantopus himantopus). The hippopotamus's call is a territorial call 

while the stilt's call is a low intensity alarm call. The calls were played back from two 

locations, either near water or in areas of dry land. The vervets responded to the stilts 

alarm call by looking toward the speaker but appeared to make no connection about 

the call being odd in the dry habitat. They gave no response to the hippo call at all. 

Although the vervets failed to respond to the inappropriate calls of the two species, 

under comparable conditions they do respond strongly to the calls of another vervet. 

Cheney and Seyfarth (1988) went on to test the animals ability to recognise secondary 

cues of danger. The vervets in the study area had all seen leopards with carcasses up 

trees and each time had responded with prolonged alarm calls. But when the 

researchers placed an antelope carcass up a tree to mimic its placement by a leopard 

and therefore the potential presence of a leopard the monkeys never alarm called at 

the sight of a carcass. The same experiment was conducted on a troop of baboons 

and they also ignored the implied danger of the carcass. Nor was there any increased 
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vigilance in the direction of the carcass, other than might have been by chance. 

Apparently the monkeys did not associate a carcass in a tree with the presence of a 

potentially dangerous predator. Another predator of vervets is the python, who 
leaves distinctive wide bodied tracks. Vervets will alarm call on finding a python and 

increase their vigilance. Over a five month period in which 8 python tracks were 

encountered by the monkeys, no increase in vigilance was observed. There was no 

change in behaviour and on two occasions at least one individual entered the bush 

where the track led, encountered a snake and alarm called at it. 

It would therefore seem that vervet monkeys perform well when the secondary cues 

of danger are auditory stimuli like alarm calls but poorly when the cues are visual 

stimuli such as carcasses. Cheney and Seyfarth (1988) proposed that it may be that 

the vervets use of communication has evolved mainly to solve social problems and 

that this has both shaped and limited their use of social signals outside the social 

domain. Vervets do make extensive use of visual signals but these are restricted to 

the periods when animals are in sight of one another. As a result their lack of 

attentiveness towards visual cues of predators may be related to their limited use of 

visual signals as secondary cues in their social interactions. 

Foraging Behaviour as a Selective Pressure for Intelli eý nce. 

The idea that the intellectual difficulties of remembering locations and availability of 

widely dispersed and ephemeral but high quality plant foods has lead to the evolution 

of primate intelligence has been put forward most strongly by Milton; see Milton 

1988. 

Milton's argument starts with describing the distribution patterns of tropical plant 

foods. Primates who eat primarily young leaves should have larger supplying area 

than those who eat mature leaves as young leaves are more patchily distributed in 
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space and time. Fruit specialists should have larger supplying areas than leaf eaters as 

fruit is more patchily distributed than leaves. As well as being patchy in space 

potential forest foods are also ephemeral in terms of optimal nutritional quality. 

These features of the forest should make it difficult for large plant-eating primates (as 

larger primates require absolutely more food than smaller primates) to specialise on 

only one or a few fruit species. There is, therefore, a strong selection pressure for 

larger frugivorous primates to diversify their diets and show dietary flexibility. 

However, once a particular food tree is known, it becomes a dependable seasonal 

resource in terms of its location for the lifetime of the primate (Milton 1988). This 

element of predictability in an otherwise patchy environment may have been the 

stimulus behind the development of cerebral complexity in higher primates. 

Milton (1988) proposes that it would be maladaptive to try and code a great variety of 

dietary information genetically. She suggests that instead behavioural flexibility 

would be more beneficial when trying to respond to a continually changing 

environment. Membership in a relatively cohesive social group, that utilised 

essentially the same supplying area over successive generations, would greatly 

enhance efficient food search by serving to transmit information to new generations of 

kin. All being equal one would expect primates to show a continuum, with those 

species dependent on the most hyper-dispersed and patchy foods showing greater 

evidence of mental development than those species eating more uniform dietary 

resources. 

To test this theory Milton (1988) compared two species, the howler monkey 

(Alouatta palliata), and spider monkeys (Ateles geoffroyi). Both species have very 

similar habitats, similar unspecialized digestive tracts, and live in closely mixed social 

groups. The main difference between the species was that howlers are more 

folivorous while spider monkeys are more frugivorous. When fruit was scarce in the 

forest, howlers turned to a heavily leaf based diet while spider monkeys continued to 
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eat fruit by carefully seeking out what was apparently all the available fruit in the area. 
This divergence in diet is reflected in their home range size, howlers averaged an area 

of 31 hectares in comparison to 800 hectares for a similar sized spider group. Thus 

spider monkeys are faced with a far more complex problem than howlers in locating 

their food source. 

Milton (1988) was able to establish that howlers learn traditional arboreal pathways 

connecting important clusters of trees and by continually moving over their home 

range in such a way as to maximise the probability for encountering the food they do 

not need to learn the types and location of preferred food. Their membership to a 

cohesive social group, living in a small and clearly defined home range while 

performing the most essential activities as a unit appears to provide the necessary 

information on dietary traditions for effective transmission to successive generations. 

Spider monkeys appear to be under different selective pressures. Although they also 

use arboreal pathways they moved in a more goal directed way, moving from one 

individual of a fruiting species to another, often travelling a considerable distance 

without stopping to eat along the way. The data showed that the monkeys were able 

to recognise particular trees and realise that when one of the species was fruiting then 

other individuals of the same species may also be fruiting. In addition the monkeys 

were then able to formulate a travel route, known as a cognitive map, enabling 

efficient movement around the home range. Milton (1988) linked the spider monkeys 

patchy diet with increased mental ability; despite having the same body size the two 

species showed very different sized brains, the spider monkey having twice the brain 

size of the howler monkey. 

In general then Milton proposed that the relative rarity of high quality foods and their 

subsequent preference by a large number of animals would lead to primate species 

committed to the exploitation of such foods which might require foraging behaviour 

of unusual complexity both to locate such foods and to dominate them. A result of 
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group fragmentation necessary to find sufficient food would lead to the strong 

development of behaviours to facilitate recognition of other group members, group 

bonding and perhaps a sophisticated communication system. If increased body size 

can facilitate brain enlargement, absolutely more food will be required by the 

organism. Milton suggests that one way to respond to this pressure would be to eat 

better rather than more food. These high quality foods would be more costly to 

procure since they are presumed to be less abundant and or require heavy preparation 

costs. Preferential choice of these foods would result in strong selection pressures to 

improve food search times, and/or preparation skills in order to lower procurement 

costs. Milton (1988) goes on to suggest several situations in which this reduction of 

costs may occur; co-operative hunting and a division of labour by sexes. 

There is evidence from a variety of species that primates do have cognitive mapping 

skills. This is where animals move through an area using the most direct routes to 

reach seasonally available foods at the correct time. Some of the earliest evidence 

was described by MacKinnon (1978) who followed orangutans through the Borneo 

forests whereby the individual took a route through the forest including a whole series 

of its favourite fruiting tree. As mentioned before Milton (1981) also found evidence 

for cognitive mapping in the spider monkey (Ateles geoffroyi). Chimpanzees provide 

compelling evidence towards the usage of cognitive maps, Boesch and Boesch (1984) 

recorded that hammer stones for the cracking open of Panda and Coula nuts were in 

short supply. They documented chimpanzees carrying hammer stones for up to one 

kilometre to reach the nuts and yet the route taken was highly economical in effort. 

Once they had collected the hammer stone they would even take short cuts back to 

the anvils and nuts rather than retracing their steps, suggesting that they remembered 

where they had last seen each useful stone lying and knew where it was in relation to 

the location of the nuts. 
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The proposal put forward by Milton does have some serious flaws which should be 

considered. Cheney and Seyfarth (1990) point out that the relationship between 

foraging and brain size should be considered within a wider context than just 

primates. There are many other species of animal who show complex foraging skills, 

for example, birds, fish and rodents are all capable of estimating patch size, to 

compare food quality and handling time, and to remember food storage sites (see 

Gallistel 1989, for reviews). In contradiction to Milton's claim for primates, these 

abilities are not correlated with gross brain size across taxa. It may also not be 

suitable to compare the general features of a given system but the types of interactions 

that occur once the system has evolved. For instance, gorillas and zebras both live in 

one male groups characterised by female dispersal, both feed on evenly dispersed, 

relatively low quality food, and yet gorillas have considerably larger brain/body weight 

ratios than zebras (Cheney and Seyfarth 1990). 

Cheney and Seyfarth in their comparison of social and non-social intelligence (1990) 

link together both social and ecological factors, when they suggest that the challenge 

of exploiting widely dispersed and ephemeral food sources may have led to increased 

intelligence not simply because food collection became more difficult, but also 

because ecological complexity placed increased selection pressure on social skills, 

including the ability to cooperate to defend resources, to detect non-reciprocating 

cheaters and to communicate about resources which are displaced in time and space. 

But there are features of the foraging universe which do suggest that intelligence 

would be beneficial in solving ecological problems and which cannot be ruled out as 

possible driving forces for the evolution of increasing intelligence in non-human 

primates. Simian primates do have special nutritional needs not experienced by most 

other mammals which may require more skill in feeding to meet these needs. The 

main problems faced by non-human primates are; they are diurnal (which restrict the 

hours of possible feeding), they generally do not have large body sizes and except for 
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Colobus and Presbytis have simple stomachs while eating a largely vegetarian diet. In 

addition a second aspect to feeding skill should be remembered; once the animal has 

found the food and it must then obtain the edible portion of the plant once located. 

Byrne (1995) considers several aspects of food acquisition which may require greater 

than average intelligence: the capture of prey by hunting; skilled tool use; extractive 

foraging on food that is concealed; and using complex procedures for food 

processing. Very few primates actively hunt for prey, with only chimpanzees, 

baboons and capuchins regularly killing mammals and birds in the wild. Both baboons 

and capuchins are opportunistic meat eaters and there are no physical aspects of 

hunting apart from an opportunistic grab by animals that find themselves in convenient 

circumstances. The only primate for whom there is a suggestion of co-ordinated 

hunting and sharing of the prey is the common chimpanzee. Similarly, the only 

species to modify objects into tools is the common chimpanzee. Tools are used in a 

variety of separate tasks in the attainment of a single goal. While all the great apes 

invent tools in captivity it seems that only chimpanzee feeding ecology requires the 

use of tools in the wild (McGrew 1992). Parker and Gibson (1979) proposed that the 

use of tools to extract edible material from where it cannot be seen is cognitively 

demanding. They get around the fact that many mammals use tools and forage 

extractively by suggesting that specialist extractive foraging that is available all year 

round (for example sea otters eating clams) tends to promote tool use of an 

'unintelligent', context specific nature. Instead, intelligent tool use developed in 

omnivores whose seasonally available food can only be reached by extractive 

foraging. The counter example they use is the gorilla, which regularly manipulates 

objects in captivity but does not use tools in the wild, despite having to extract plant 

food from a concealing matrix. Parker and Gibson do not propose that extractive 

foraging is the origin of intelligence, rather that there might be some important 

implications for the use of intelligence in extractive foraging. 



26 

In a recent study of foraging by the mountain gorilla (Byrne and Byrne 1991,1993) it 

was found that in order to eat their commonly available foods, the gorillas must 

overcome the plants' own physical defences of stings, prickles, hard casing or surfaces 

covered in tiny hooks: the gorilla must neutralise the plants defences. The gorillas use 

several different techniques for processing their common foods. Byrne and Byrne 

(1991) use the term "complex" to describe the techniques, because each technique had 

several stages with quite different actions and involved bi-manual co-ordination of 

actions. The following description has been taken from Byrne (1995) and describes 

how a gorilla processes nettle, Laportea alatipes: 

"First the soft leaves at a stem top are gently held to bring the stem into 

reach, then one hand is half-cupped at the stem base and stripped 
upwards. This detaches the leaves in a bunch, with the least-stinging 

under surfaces in contact with the gorilla's hand, and the viciously stinging 
leaf-stalks downward. Next the bunch is gripped firmly with both hands, 

and the two hands rocked or twisted against each other to detach the 
leaf-stalks, which are discarded. Finally the tight bundle of leaf blades is 

carefully folded over and held for insertion into the mouth, which results 
in only the undersides possible contacting the tender lips". 

He suggests that such processing of plants, shows a similar order of logical 

organisation to chimpanzee termite fishing and requires similar dexterity: "learning the 

skills requires the ability to understand and copy the organisation of another's 

behaviour, then intelligence may be just as necessary as it is for tool manufacture and 

use" (Byrne 1995). 

If primates are using complex manipulatory skills to process their food to what extent 

are these skills developed by the individual, that is by trial and error learning, and how 

far are they influenced by expert conspecifics? The main questions to be asked are: 

(1) how does the individual monkey acquire the skills necessary to process food; and 

(2) how do social influences promote such acquisition? 
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Learning Processes 

There has been a recent accumulation of knowledge about the ability of some animal 

species to transmit information or new patterns of behaviour, acquired through 

experience, from one individual to another. This is the capacity for social learning. It 

requires at least two individuals, one that has the information (or new pattern of 

behaviour) and the one that receives it (Mainardi 1980). 

Learning differs from species to species, and not all information is equally learnable 

(see review by Roper, 1986). Species turn out to differ in overall flexibility of 

learning: animals are equipped to learn some things better than others, tending to learn 

efficiently just those specific kinds of information that have favoured survival. 

Learning takes time and involves the risk of error, it would therefore be unlikely for 

transmission of information to occur in animals with very short lifetimes or involving 

types of behaviour where errors would be fatal (see review by Roper 1986). 

Transmission would be favoured in animals that live in relatively coherent and 

permanent social groups. In this scenario the opportunity for one animal to learn 

from another is enhanced by the proximity of other individuals. A further requirement 

is necessary for learning, the animal must be capable of exposing itself to new 

circumstances and at adapting its behaviour appropriately. There are two features 

that would benefit an animal in being able to transfer information by learning: once 

learning a novel technique is in a population it can spread at a rate that vastly 

outpaces genetic evolution. Even trial and error is not random in the sense that a 

mutation is random: it is helped by the exploratory nature of the animal, its 

manipulative skills and intelligence. Secondly, learning is potentially more rapid 

because it is not usually constrained by generation time or by a single line of descent. 
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There are a number of different ways an animal may learn a novel behaviour. Within 

the literature there is much argument on what the various terms mean, but in this 

review I shall put forward only one definition for each term. In each case I have 

chosen the simplest and most coherent definition as these are invariably the most 

successful to work with when considering exactly what a primate is doing. 

1. Classical conditioning - when a neutral event occurs naturally, shortly before a 

reinforcer; after a number of such coincidences, the neutral event alone brings on the 

action appropriate to the reinforcer. An example is salivating to the sight of food 

prior to getting the food. 

2. Trial and error learning (instrumental conditioning) - defined by Thorpe (1956) as 

`the development of an association, as the result of reinforcement during appetitive 

behaviour, between a stimulus or a situation and an independent motor action as an 

item in that behaviour when both stimulus and motor action precede the reinforcement 

and the motor action is not the inevitable inherited response to the reinforcement'. 

Learning to run mazes and open problem boxes are classic examples. 

3. Stimulus enhancement - where the probability of an animal approaching or 

contacting something in the environment is increased by seeing an individual of its 

species interacting with it; once the attention of the animal is focused on a particular 

part of the environment or object then the chance of the correct technique being 

acquired by trial and error is increased (Spence 1937, Thorpe 1956). Stimulus 

enhancement allows for rapid learning which may easily be mistaken for imitation of 

the conspecifics behaviour. 

; t. Response facilitation - the presence of a conspecific performing an act (often 

resulting in a reward) increases the probability of an animal which sees it doing the 

same (Byrne 1994; called `social facilitation' by Spence, 1937 and Crawford, 1939). 
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There is limited evidence for this form of social learning occurring in animals, 

suggesting that it may not be common. The best evidence for response facilitation 

comes not from primates but from pigeons. Palameta (1989) showed naive pigeons a 

trained bird which used a specific technique to obtain food from essentially the same 

apparatus: the demonstrator either rotated or lifted up a handle. When the naive birds 

were shown only one method that would work they learned much more quickly and 

efficiently. However, the simple actions were already part of the birds' behavioural 

repertoire, so response facilitation is the most parsimonious explanation of the data; to 

claim imitation would require novel behaviours be performed. 

5. Emulation - an animal's goals may be influenced by seeing and desiring the results 

of another animal's actions. The observer may duplicate the results of other 

individuals' behaviour but not their methods (Tomasello 1990). At present there is no 

clear experimental evidence to suggest that animals use emulation, but it must be 

considered as a possibility when considering the evidence for imitation. 

6. Imitation - copying novel motor acts from the repertoire of another individual 

(Galef 1988). Most cases of copying can be explained without reference to imitation; 

even in simian primates the evidence for this type of social learning is scarce. 

There are two conceptual difficulties attributed to copying a motor task (Byrne 1994). 

The first problem is recognising when whether one's behaviour is the same as the 

actions of another. A motor act can look radically different from different viewpoints, 

it requires understanding the physical viewpoint and goal orientation of the 

performing animal by the observer. The second problem is a matter of understanding 

the organisation of behaviour. This depends on the level at which imitation occurs: if 

each act in the sequence is slavishly copied (a kind of imitation known as 

impersonation) no such understanding is needed. However, Byrne and Byrne (1991) 

when they studied the feeding of mountain gorillas, found behaviour more consistent 
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with what they called `program level imitation. In their study the gorillas certainly 

did not impersonate the motor patterns of one another, since the elements within their 

learnt sequences of behaviour were variable and idiosyncratic, bearing no simple 

relation with the elements used by possible models. However, the gorillas appeared 

to imitate the logical, hierarchical structure of the behaviour necessary to process the 

relevant food item. The inferred goal of a procedure can be defined as the overall 

objective apparently driving a behavioural sequence. In a hierarchical structure, the 

overall goal is achieved by performing a series of sub-routines, each resulting in 

achieving a state which is the entry point for the next subroutine. The organisation of 

the sub-goal(s) and goal is hierarchical, in that subgoals are controlled by the need to 

achieve the overall goal. Any such system must, therefore, have the ability to identify 

as subgoals the key results to achieve along the way and to structure a sequence of 

goals. Dawkins (1976) suggests that "animals..... take global decisions initially, and to 

take progressively narrower sub-divisions, ending up with the observed act. " In 

practice, identifying component sequences of a process as reflecting the result of 

subroutine structure is not straightforward. Key elements in this identification would 

be: occurrence of the same sub-sequence in very different processes; iteration of a 

sub-sequence for different numbers of times; interruptability of the process at 

subroutine boundaries; and the presence of optional elements between subroutines. 

However, there will always be some elements of judgement in this process of analysis, 

with non-vocal subjects. Byrne and Byrne (1991) represented the subgoals used in 

food processing in the form of flow diagrams. Only one flow diagram was needed for 

each food as all the animals (adults and sub-adults) used the same logical structure. 

The example provided here is the flow diagram for nettle (nettle processing was 

described earlier in this review), see figure 1.5. The results of the study did suggest 

that the gorillas were doing something quite special, but the exact methods they were 

using to acquire such elaborate hierarchical structuring remains unknown. Trial and 

error seems unlikely especially considering the complexity and structural uniformity of 

whole techniques across animals. Byrne (1995) suggests that the animals may be 
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left 
(pull into range) 

right 
grip stem loosely 

near base, 
slide up stem 

grip base of leaf bunch 

hold 1_ 
-- 

drop waste 

(pick out debris) 

(pull out and fold over) 

put into mouth 

Figure 1.5 A flow chart of the typical processing sequences used by all adult and 
juvenile mountain gorillas-to eat nettle, T . app a1 ipes 
The flow chart begins at the top; actions are represented by boxes, arranged to left 

and right of the midline to indicate the hand used; dotted lines indicate bimanual 

coordination between separate actions of the two hands. Taken from Byrne and 
Byrne 1991. 

(hold base tightly) 

grip end of leaf bunch 

.. -1 lever or twist apart 

.. -..... 
I (hold loosely) 

-- -- -- ----- - 
(hold leaves loosely) 
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using a whole combination of learning techniques; firstly they could imitate (at 

program-level) the complex action structures (subgoals) and then develop the fine 

details by trial and error and/or by action level imitation or emulation. 

Visalberghi and Fragaszy (1990) in their review of monkey imitation point out that 

imitation is particularly useful as a means of learning from others when the observer is 

not proficient, when opportunities for practice are limited, when the costs of errors 

are high, and when learning by individual experience would be a slow process. 

Imitation would therefore seem to be a very useful mechanism to learn such things as 

the finding and processing of foods. This raises an important question, if it is 

potentially so useful why is the observational evidence for its occurrence in non- 

human primates so rare and unconvincing? 

Observational Studies of Learning By Monkeys 

Probably the best known example of the spread of new behaviour comes from the 

food washing Japanese macaques (Macacafuscata). In this most famous of cases the 

monkeys were provisioned with sweet potatoes on a sandy beach. The monkeys were 

then seen taking the potatoes down to the water and washing them before eating. The 

initial report by Kawamura (1954, as cited by Visalberghi and Fragaszy 1990) 

concluded that washing was initiated by one monkey whose actions were then 

imitated by others because the number of potato washing monkeys increased over 

time. However, there are more feasible and simpler explanations. Visalberghi and 

Fragaszy (1990) point out that in the same environment several monkeys could have 

independently discovered the new behaviour. Also imitation is a less satisfactory 

explanation than social enhancement, where the model and the copier could have each 

held a potato and each gone to the water, perhaps to play, or as mother and infant. 

This could have resulted in incidental washing by several individuals. They also come 

up with other scenarios such as an individual independently discovering washing when 
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as a naive animal finding food left in the water by another animal. This explanation 

has successfully described the spread of milk bottle opening by birds (Parus sp. ). 

Sherry and Galef in 1984, were able to show that black-capped chickadees acquire the 

ability to open milk bottles through either social learning or finding open bottles with 

milk inside. But perhaps the most convincing evidence against imitation was the 

speed of learning (Galef 1988). With ample opportunities for rapid spread of the 

behaviour it seems strange that it should take 3 years for less than half of the 

population (11 out of 25) to have developed the washing behaviour (Kawai 1965). 

Another famous example of imitation was performed by the same Japanese macaques, 

this time involving the separation of wheat from sand. In this case the monkeys 

carried and then dunked handfuls of the mixture in water, where the wheat would 

float to the surface while the sand sank allowing retrieval of the food. But once again 

the dissemination of the behaviour was slow, after 6 years only 39% of the population 

were wheat washing (Nishida 1986). As in the first example there are simpler 

explanations than imitation for the spread of this behaviour. Galef (1988) reached the 

conclusion, after reanalyzing the Koshima data, that the speed of dissemination was to 

slow to be attributed to imitation, since imitation should facilitate learning and speed 

diffusion of new behaviours and that the number of monkeys acquiring the behaviour 

was not dependent on the number of models available. However, as indicated by 

Visalberghi (1994), it can be argued that the presence of food washers was important 

because it familiarised non food washing monkeys with water, promoted play, and 

provided access to food scraps. 

In 1990, Visalberghi and Fragaszy conducted two experiments where crab-eating 

macaques and capuchins were compared. In the first experiment inexperienced 

animals were familiarised with water in the presence of toys and later presented with 

water and fruit covered in sand. Play in the water, particularly by the macaques 

resulted in wetting of whatever they were holding, including the sandy fruit. The 
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capuchins were reluctant to enter the water but did repeatedly dunk the objects into 

the water. Within two hours all 5 capuchins and 3 out of 4 of the macaques were 

food washing. They concluded that food washing appears to be a relatively simple 

task for a monkey, whether or not the species ecology habitually includes the 

exploitation of resources found in or near water. The second experiment removed the 

toys, made the distance greater between the sandy fruit and the water and increased 

the group sizes. Under these conditions only a few individuals demonstrated food 

washing. The social context of the experiment hampered the dissemination of the 

technique, some monkeys had limited access to water and fruit and certain individuals 

were able to exploit the washing behaviour of others. Visalberghi and Fragaszy 

(1990) suggest that in both experiments individuals tended to act independently and 

there was no evidence that naive monkeys copied the food washing behaviour 

performed by others. 

More suggestive evidence against monkeys' ability to imitate others' actions comes 

from a study on the rhesus macaque at Cayo Santiago (Berard, pers. comm., reported 

in Visalberghi and Fragaszy 1990). In this report a more difficult task was performed 

by the monkeys - pounding a coconut on a surface to crack it open. Despite having a 

healthy appetite for coconuts which are readily available on the island they face the 

problem of how to get the meat out of the shell. Over a period of 30 years only 2 

individuals acquired the behaviour of cracking open the shells. The initiator of the 

behaviour, WK, eventually gave up the behaviour when the rewards were repeatedly 

taken from him by more dominant animals while his younger brother, the second 

animal to display the behaviour only opens coconuts when other monkeys are far 

away. Probably the most surprising feature of this report was that, despite having 

ample opportunity to watch the behaviour, no other macaques among a population of 

more than a thousand on the island developed this behaviour. 
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Visalberghi (1994) made a very interesting comparison of these two behaviours. She 

pointed out that pounding a coconut on a surface to crack it takes more precise 

orientation than food washing. Holding a potato in water will always result in some 

success of food washing whereas holding a coconut on or near an anvil will not. And 

this she points out is an important distinction, for food washing secondary information 

can lead to new acquisition of behaviour but in pounding this is unlikely to be 

effective. Potato washing is therefore more likely to arise independently as individuals 

playfully interact with their environment, whereas a more complex sequence of 

actions which require precision in behaviour are less likely to be produced by trial and 

error. 

Similar descriptions of lack of dissemination of an advantageous behaviour have been 

documented, Schonholzer (1958) reported that 13 hamadryas baboons (Papio 

hamadryas) watched while two members of their troop lower themselves down a 

vertical wall (of the zoo enclosure), dip their tail in to the water of the moat, climb 

back up and then suck the water off their tail. They all watched closely and licked up 

drops but never performed the behaviour themselves. Boinski and Fragaszy (1989) 

found that infant squirrel monkeys (Saimiri oerstedii) did not handle caterpillars in the 

same way as the adults. The infants had ample time in which to observe the adults 

technique; rubbing the noxious spines off caterpillars using their tail tips. But instead 

the infants appeared to have to learn by trial and error, involving direct experience of 

the noxious spines. 

There is one study which does report a much faster dissemination of behaviour 

through a troop of monkeys but the mechanism driving the spread could not be 

identified. In 1988, Hauser reported innovative behaviour in a group of free ranging 

vervet monkeys (Cercopithecus aethiops). The behaviour consisted of immersing a 

seed pod from an Acacia tortilis tree into exudate from the tree; the stimulus to this 

behaviour was a period of extended drought resulting in very little water within this 
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troops' home range. The suggestion was that soaking the pod made it easier to eat 

while providing a valuable source of water. The behaviour first appeared in an adult 

female and took just 22 days to be performed by six other individuals out of a group 

of ten. The order of transmission corresponded primarily with genetic relatedness 

within the group and high rank (Hauser 1988). The first three individuals to feed on 

pods and exudate were the originator's offspring who were all high ranking. Then the 

third ranking female acquired the technique before the fourth ranking female, while 

the alpha male was the last to exhibit the behaviour. Two other males and the lowest 

ranking juvenile female were never observed performing this pattern of pods and 

exudate together. Hauser (1988) makes the point that frequently an individual will 

come into contact with only one particular aspect of a trait, for example, dry pods 

lying next to an exudate well, and this may be sufficient to determine all the properties 

of the trait, for example, the preparation of the dipped pods and their ingestion. 

This case is particularly interesting as most cases of invention and transmission 

involve apes rather than monkeys (for apes: McGrew and Tutin 1978, Boesch and 

Boesch 1983); and the reported cases tend to be for provisioned animals. Another 

interesting aspect of this study was that the behaviour originated in the oldest member 

of the troop which as Hauser (1988) points out is different from many other cases of 

newly observed behaviours (e. g. potato washing, Itani and Nishimura 1973). There 

may be another explanation, the oldest animal may have been the first to use the 

technique but perhaps did not invent it, the knowledge may have been gained early in 

life and was then stored for a long interval of time without being used. 

It seems that the social context provides both live information coming from the 

behaviour and the actions performed by the model and still information, that is, 

opportunities for the initiation of the new behaviour (Visalberghi 1994). Such 

opportunities, which range from suitable locations and objects, to leftovers and social 
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company, increases the chances that an individual will learn to perform novel 

behaviour by trial and error. 

Several factors would lead to an overestimation of the frequency with which novel 

behaviours disseminate in a social group, compared with cases in which novel 

behaviours occur in only one individual (Visalberghi and Fragaszy 1990): if a new 

behaviour is shown to by several individuals the human observer has a greater 

probability of witnessing it; if the new behaviour appears to have adaptive value it is 

likely to be reported for that reason. New behaviours with less obvious functional 

value are not likely to generate the same interest. 

It seems that the social context provides both live information coming from the 

behaviour and the actions performed by the model and 'still' information, that is, 

opportunities for the initiation of the new behaviour (Visalberghi 1994). Such 

opportunities, which range from suitable locations and objects, to leftovers of food 

and social company, increases the chances that an individual will learn to perform 

novel behaviour by trial and error. 

There is an increasing volume of laboratory based studies looking at the side effects of 

visual hand movements on neural activity in the brain'. Perrett et al. (1989) found an 

area of the brain that contains populations of cells responsive to the sight of hand 

movements demonstrated to the monkey (the experiments were carried out with 

awake, behaving rhesus macaque monkeys). The defining characteristic of the cells 

found by Perrett et al. was that their responses were dependent upon the inter-relation 

of hand and object movements. The response was reduced when (a) hand movement 

mimed the preferred action, (b) object movement was appropriate to the action but 

with no hands visible, and (c), when appropriate hand and object movements were 

'I do not believe in subjecting animals to vivisection techniques for the sake of scientific knowledge. 

The following section is only included at the request of my examiners. Under no circumstances 
would I support such work. 
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performed so as to be spatially separated by 3-4 cm. As Perrett et al. point out, this 

sensitivity to spatial contiguity enables the cell population to be preferentially 

responsive in situations where the movements of objects are perceived as causally 

related to the movements of the hand. Interesting in terms of my study, the cells 

studied were not equally responsive to the sight of all hand actions. So far they have 

found cells selective for 7 different actions: reach for, retrieve, manipulate, pick, tear, 

present to monkey and hold. 

In another study by Pellegrino et al. (1992) neurones in the frontal cortex of the 

monkey not only discharged during goal-directed hand movements when performed 

by the monkey, but that many of the neurones became active when the monkey 

observed specific, meaningful hand movements performed by the experimenters. 

These movements included placing or retrieving a piece of food from a table, grasping 

food from another experimenter's hand and manipulating objects. 

The data presented by Pellegrino et al. (1992) indicates that in addition to physical 

factors such as 2-dimensional patterns, colour, and size and shape of 3-dimensional 

objects, the retrieval of appropriate motor acts of the premotor cortex can also occur 

in response to the meaningful gesture made by other individuals. If one considers the 

rich social interactions within a monkey group, the understanding by a monkey of 

actions performed by other monkeys must be a very important factor in determining 

action selection. The behavioural importance of a fast selection of the appropriate 

movements according to the movements of other individuals has probably favoured 

coding by individual neurones which allows a rapid recognition of the stimuli 

(Pellegrino et al., 1992). Another very interesting aspect of the experiment was the 

observation that some neurones were activated one by movements of the 

experimenters that closely coincided with those that activate the neurone when 

performed by the monkey. 
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Both these studies have interesting implications as far as social learning is concerned. 

Specific areas of the brain respond when a monkey observes an experimenter 

manipulating an object, these areas correspond to the same areas that are triggered 

when the monkey manipulates an object. The question to be asked now is - what 

happens when a novel action is performed in front of a monkey, and having seen it, 

what happens in the brain of the monkey when it first attempts to perform the same 

action? 

The studies described in this review probably provide the best evidence for social 

learning among a variety of monkey species. The overall conclusion that can be 

drawn from them is that observational learning by stimulus enhancement often plays 

an important role in the development of foraging behaviour (Galef 1988, Visalberghi 

and Fragaszy 1990, Whiten and Ham 1992). There have been other studies 

conducted on wild populations of monkeys but they have added little to our 

knowledge of information transmission in non-human primates. Hauser (1994) has 

pointed out that few controlled experiments have been conducted to assess the 

cognitive abilities of non-human primates (including chimpanzees) and he doesn't 

believe that current performance is indicative of ability. 

Visalberghi (1994) states that field observations allow neither thorough investigation 

of the roles of social and environmental factors on the acquisition of specific food 

preferences, nor identification of the different social processes underlying their 

diffusion to be identified. However, I believe that the techniques that I establish in 

this thesis may eventually lead to these points being addressed and that it mat well be 

the wild subjects not the laboratory based experiments that will eventually enlighten 

us on how monkeys and apes do acquire their knowledge; for it is in the wild that 

these flexible behavioural contexts evolved and it is this environment that could surely 

provide the most convincing evidence. 
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In my thesis I will attempt to establish the processing skills for two troops of wild 

vervet monkeys eating a variety of foods of increasing complexity. Questions will be 

asked of the sorts of problems they have to encounter in order to successfully forage 

in terms of mouthfuls of food. This is only the second study of its kind and the first 

on monkeys, will the monkeys show any sort of organisation in their feeding 

technique as seen in the gorillas (Byrne and Byrne 1991), whether at the sub-goal 

level or the most detailed? It may also be possible to deduce if any form of social 

learning influenced an individuals decisions during food processing. The current 

literature would suggest that monkeys use simple solutions to problems and that the 

predominant learning technique will be trial and error with limited social facilitation 

and stimulus enhancement. 

The rest of my thesis will consider the food processing skills of the vervet monkey 

from a variety of different levels. In Chapter 2I describe the field methodology; the 

study site, the animals, what and how the data was collected. 

Chapter 3 is the first empirical chapter in my thesis. Here I present a study of the 

actual grips used by the monkeys to process a variety of food items. The grips are 

considered in terms of which grips were used by the monkeys and the possible 

morphological constraints limiting their use of grips. In Chapter 4, I consider grip 

usage at a more detailed level. For each food item individual similarity of grip usage 

will be considered with respect to a number of variables. Where relevant the species 

and location of the food item will be considered. 

Cluster analysis was used to assess individual's grip similarity and the similarity of 

sequential processing. Cluster analysis groups those variables that are highly inter- 

correlated and similar to one another. An alternative technique is factor analysis (of 

which one main type is principle component analysis, PCA), the aim of which is to 

reduce the complex inter-relationships between a large number of variables down to a 
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considerably smaller number of underlying factors that account for a large proportion 

of the variance and co-variance of the original variables (Martin and Bateson 1993). 

If one is looking for possible natural groups with clear separation, cluster analysis is 

most appropriate. Factor analysis is more helpful when there are extreme individuals 

separated by a range of intermediate forms. Although the two tests are 

complementary, only cluster analysis was used in this thesis for the following reasons. 

Both Simpson and Howe (1980) and Short and Horn (1984) state that it is unwise to 

use Factor Analysis when samples are small. Simpson and Howe (1980) in their study 

on the use of multivariate statistics, point out that when sample sizes are small, chance 

determined correlations can generate larger factor coefficients that appear to be (but 

are not) non-chance. There is also a problem with the ratio of number of subjects 

(N) relative to the number of variables (n) becoming too small. Simpson and Howe 

(1980) propose that N should be at least 3n; if N is not substantially larger than n, 

the error is large and one cannot have confidence that even large factor coefficients 

are statistically different from zero or from smaller coefficients. This means there is a 

poor basis for interpreting factors because large coefficients are not significantly 

different from small ones. The data analysed in the relevant sections of this thesis 

never reached a ratio of 3: 1 for N: n. Cluster analysis was used to present the 

similarity of individual grip use and processing sequences. Therefore, the effects of 

independent variables could not be statistically analysed, thus a descriptive rather than 

quantitative method was used. 

Further, PCA assumes that the data values of the variables are normally distributed. 

The data analysed for similarity of both grip type and sequences of actions across 

individuals was in the form of binary data. Binary data does not provide enough 

variance to produce normally distributed data (Randerson 1994). 
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Chapter 5 considers the effects of hand preference for the feeding tasks. A number of 

different factors will be analysed to determine whether the monkeys are showing 

individual laterality, whether they are consistent across tasks and if there are any 

population effects. 

Chapter 6 presents a novel method of analysing sequential feeding data which allows 

functionally equivalent groups of elements to be added together without loss of 

significant variance. I then use the method developed in chapter 6 in chapter 7 to 

create matrices of related actions. These have been used to construct flow diagrams 

representing the possible decision processes used by the monkeys in processing the 

various foods. Their use as a means of comparing individual similarity in pathway 

choice will be considered. 

In their extensive study of sequential data analysis, Bakeman and Gottman (1986) 

describe the simplest descriptive statistic for capturing sequential observational data 

as the transitional probability, represented in the transitional frequency matrix. The 

results of the matrix are often presented graphically as state transition diagrams, these 

have the merit of rendering how events were sequenced in time (Bakeman and 

Gottman 1986). In my thesis this general method was used to describe accurately the 

data produced by a number of individuals for a variety of food types. 

The next stage in an analysis of sequential data is to analyse event sequences. There 

are several models which can be used. The zero-order or equiprobable model 

assumes that all elements occur with equal probability, the model then compares the 

expected values generated for a particular sequence with those actually observed. 

The first order model assumes that codes occurred as often as they in fact did (and 

were not equiprobable), but that the way codes were ordered was determined 

randomly. This second model is considered preferable to the zero-order model as it 

makes fewer assumptions (Bakeman and Gottman 1986). The next step would be to 
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compare the expected and observed values (the usual test is either the chi-square 

goodness of fit or a z-score binomial test), if the discrepancy were large then the 

assumption of random ordering could be rejected. 

However, a check must be made, how many events need to be coded in order to 

justify assigning significance to a computed z-score on the basis of the normal 

approximation of the binomial distribution? Bakeman and Gottman (1986) addressed 

this problem, building on a suggestion by Siegal (1956). Their rule of thumb can be 

stated as follows. Firstly they define a quantity, m, this is the number of possible 

sequences. If L is the length of sequences being considered and k is the number of 

codes then m= k(k -1)L -1 when adjacent codes must be different and m= kL 

when adjacent codes can be the same. They assume that the number of codes (k) 

occur with equal probability, then Ns can be computed as follows, where Ns is the 

number of sequences: 

9m2 
Ns = 

M-1 

For example, when k=5, L=2, and adjacent codes must be different, then 

m=5x4' =20 and Ns= 
9x202 

_ 
3600 

=189 (20-1) 19 

That is, if attention is confined just to two-event sequences and if the code catalogue 

contains just five codes, then the data collected should contain at least 189 two event 

sequences. 

When the code catalogue contains more codes, more data are required. For example, 

if the code catalogue contains 10 codes instead of five and considering only two-event 

sequences then 819 sequences are required. Equally if longer sequences are 

considered they also require more data. For example, if k=5 but L=3 (instead of 
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two earlier) then 647 three event sequences are required. Bakeman and Gottman 

(1986) emphasise that these calculations yield a minimum number only and that more 

data points than the minimum are desirable. 

The data collected in this thesis was of an exploratory nature, attempting to ascertain 

whether it was possible to collect this type of data for monkey feeding skills. 

Unfortunately due to time restrictions and the seasonal availability of the food being 

eaten by the monkeys, the vast amount of data required for the more detailed level of 

analysis was not achieved. Pooling the data was not feasible as the aim was to 

ascertain individual differences and/or similarities in use of sequences. However, in 

the future it should be possible to gather similar data in more prolific quantities to 

enable the more quantitative methods of analysis. The results in this thesis were taken 

as far as the data would allow, the extent of which permitted individual techniques to 

be compared on a descriptive level, in the form of individual flow diagrams and 

subsequent composite diagrams where it was possible to reflect all the subject's 

processing on a single diagram for each food type. 

Chapter 8 takes a closer look at how similar individuals are in their choice of 

pathways used to process the different foods. Several variables will be used in an 

attempt to explain why the monkeys were choosing certain pathways, such as the 

species of the food, its location during processing and a number of independent 

variables. 

Finally in chapter 9, I bring together all three aspects of the vervets' food processing, 

grips, laterality and the elements, in an attempt to explain how the vervet monkey 

might develop sufficient feeding skills to allow successful processing of their food. 

The conclusions reached in this thesis will be considered in light of our current 

knowledge on the cognitive abilities of monkeys and possible learning mechanisms 

which may be influencing the monkeys processing decisions. 
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Chapter 2 

Field Methodology 

Introduction 

The vervet monkey occurs throughout Sub-Saharan Africa. Vervets have been 

extensively studied for the last 30 years, and much of the research has studied their 

apparent environmental tolerance and behavioural flexibility (Fedigan and Fedigan 

1988). Many studies of vervet populations report that they have a flexible diet, an 

ability to shift the diet between protein sources and an ability to switch foraging 

strategies. In perfect conditions the vervet monkey will eat a fruit based diet but if 

conditions change they can and will eat a huge variety of foods, from tough fibrous 

acacia pods to flowers, seeds and even crabs. With such flexibility in behaviour these 

monkeys make an ideal subject for a study of feeding skill: presumably to eat such a 

diverse number of foods they might require a considerable behavioural repertoire of 

actions to enable them to process seed pods, flowers, fruit and even animals. This 

raises the question of just how do they eat such a wide variety of foods and exactly 

how extensive are the behavioural repertoires involved. 

Aims 

The principle objective was to record and describe all the gathering and processing 

skills of adult vervet monkeys and to try and describe the developmental history of 

more complex skills in a group of infants. Although there is a large literature on 

monkey feeding strategies and food types, no attempt had been made to collect 

sequential feeding skill data in the field. Byrne and Byrne (1991,1993) collected 

feeding skill data for the mountain gorillas in Rwanda where observational conditions 

could be considered to be optimal for a study of this nature. The animals allowed 
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good data collection as they are highly habituated to human observers, have large 

hands and eat relatively slowly making sequential data collection relatively straight 

forward. The aim of my study was to try to collect similar data for an Old World 

monkey species, the vervet. The vervet posed several problems not encountered with 

the larger ape; their hands are very small and any movements tend to be fast; they do 

not sit in one place and eat, rather they are more opportunistic foragers; and they feed 

both on the ground and arboreally. Therefore to succeed a site was required which 

allowed access to a number of habituated monkeys where both ground and arboreal 

foraging could be observed. 

F. PII c. *P 

The study site was located at the western end of the Palmiet Valley, situated within 

the municipality of Westville, 10 km NW of Durban, Natal, South Africa. An initial 

pilot study was conducted from the 07/09/92 until 17/11/92. During the pilot study a 

number of other sites in Natal were considered (for example the Umgeni Valley 

Project near Howick) to conduct this study but none could offer the immediate access 

or excellent habituation of the Palmiet monkeys. The monkeys in this area gave the 

best possible levels of habituation and could be followed over a large area of their 

range while eating a number of different foods. An added bonus for the study was 

that the area provided two troops (named A and B Troop) in adjacent territories both 

of whom were accessible in much of their home ranges. Since their habituation levels 

were of equally high levels this not only allowed many individual animal comparisons 

to be made but also inter-troop comparisons of feeding skill. Accordingly this site 

was considered to be the most suitable for an extended study, and data collection 

resumed from the 16/03/93 until 28/11/93. 

The field site (see figure 2.1) was bordered by residential areas to the north, west and 

south, with the Palmiet Nature Reserve (under the control of the Westville 
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Municipality) bordering the eastern end of the area. The Palmiet River bisects the 

valley and has cut out large cliffs and interconnecting spurs -a major feature of the 

valley. The site comprises of 4 distinct areas inhabited by A Troop: the river section, 

with typical thick indigenous riverine bush separated from the other areas by a cliff, 

the grassland, a large area of Themeda grass, bulbs and other flowering plants; thick 

semi-tropical bush, predominantly indigenous trees and scrub, typical species being 

Crotons, stinkwoods, Combretums, figs, Strelitzia, Protorhus, and Rhus; and the 

gardens and roofs of houses surrounding the area. The photograph, figure 2.2, shows 

the main bush area of A troop's home range and the start of the grassland zone; the 

houses along the top of the picture were on Jan Hofineyr Road. The vervets also 

entered gardens away from the "bush" areas which involved them crossing a busy 

road (on figure 2.1 see home range includes Jan Hofmeyr Road). In contrast B troop 

were located to the east of A Troop, their territory only overlapping across the bush 

area and several gardens, then extending eastwards to the cliffs and the Palmiet 

reserve. The large cliff area and houses are shown in figure 2.3, the right hand side of 

the photograph showing a natural bush area. Their territory included two main roads 

(Jan Hofineyr Rd and Old New Germany Road, refer to figure 2.1) and the 

surrounding gardens. These monkeys had no access to natural grassland, only the 

cultivated grass areas within the gardens. The eastern boundary of A troop's range 

saw several inter troop encounters with B troop. On all 7 occasions B troop retreated 

eastwards along the gardens away from the central study area. These episodes 

involved many vocalisations, screams, chases, crashing through trees and on one 

occasion a serious fight between the two highest ranking males of each troop. 

Sometimes the alpha male of A troop would be supported by the rest of the troop, but 

on 2 occasions he moved the whole of B troop away from the core study area (refer 

to figure 2.1) on his own. 

As this was an urban reserve there were no problems with dangerous animals and 

virtually no predators to deplete the animals (although there were deaths among the 
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animals, a consequence of living so close to human habitation). However there were 

a number of disadvantages to this site which did affect the possible hours of data 

collection. The large area of bush within the monkeys' territory was extremely thick 

with visibility from 0 to 10 metres, as a result it was almost impossible to move 

through it. Within the bush area the monkeys were very nervous and moved quickly 

through the canopy and at this point it was impossible to keep up with them or see 

what direction they were moving in. 

Most of the data presented in this thesis was collected in the gardens surrounding the 

reserve and on the Themeda grassland where observational conditions were excellent. 

The steep slopes of the gardens and grassland area gave unimpeded views of the 

vervets eating both on the ground and in the garden trees as well as those bordering 

the wild area. Fortunately for the study the vervets spent many hours in these areas 

where food was often plentiful. 

Habituation 

The vervets have enjoyed a safe haven at this western end of the valley due to the 

efforts of local couple Mr and Mrs R. Senogles who have been watching these two 

troops of monkeys for the last 15 years as keen amateurs. None of the animals were 

known as individuals but on arrival most were already habituated to about 5 metres. 

After two months of working with the animals approximately two thirds of the 

monkeys were habituated to 1-2 metres with several individuals allowing observation 

from under one metre away. Attempts were made not to interact with the animals or 

to disturb their behaviour. This was occasionally impossible because of their lack of 

fear. 

The level of habituation was, however, not consistent throughout the home ranges. 

For instance when A troop were on the Themeda grassland they responded to other 
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people and dogs by alarm calling and moving quickly into the bush area. When A 

troop were in the riverine area of their territory data collection was assisted by a game 

guard provided by the local municipality (the area was inhabited by a number of 

vagrant people and not considered to be entirely safe, hence the official assistance). 

However, habituation levels fell drastically with the presence of the game guard, as 

the monkeys became wary and nervous, often moving quickly into more inaccessible 

areas. This apparent adverse response to people in the open grassland and bush areas 

is probably due to the fact that even in residential areas like Westville they are still 

hunted for food, and trapped for use in tribal customs and medicines by the local Zulu 

population. 

The gardens have been present on the edge of the Palmiet valley for at least the last 

25 - 30 years, but they are increasingly encroaching into the bush. The monkey 

populations are in a current state of growth and, faced with dwindling areas of natural 

bush, they are being forced into greater dependency on food available in more 

cultivated areas. This has led to conflict with the human residents living in close 

proximity to urban reserves. For example, homeowners adjacent to the Palmiet 

nature reserve have made complaints to the local municipality concerning monkeys 

who on occasion, have entered houses to take food such as fruit, bread or eggs. 

Monkeys are seen as a menace, even if they do not go so far as to enter houses, as 

they eat the fruit from garden trees such as banana, mango and pawpaw meant for 

human consumption. As a result there is considerable hostility towards the monkey 

troops and a variety of methods such as firecrackers and dogs are used in attempts to 

deter the monkeys. In certain garden areas the monkeys modified their behaviour, 

moving quietly and rarely staying in these areas for long, preferring either the bush 

areas or gardens with fewer defences. 

From May to December 1993 there was a major disturbance in the centre of A troop's 

territory when a building development started on the Themeda grassland. At times 
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this development hindered the study by cutting the animals off in the northern end of 

their territory. The gap was filled by B troop who took advantage of A troop's 

absence and spent many days in the area. After the rains fell A troop had moved into 

the southern section so providing days of continuous data collection, relatively 

unhampered by building work. During this time B troop were forced back east along 

the line of the gardens towards the cliff area (refer to figure 2.1, photograph 2.3). 

The excellent habituation of the animals far outweighed the disadvantages of the site. 

Other advantages of studying these monkeys included the large number of animals 

from broad age ranges and the availability of two neighbouring troops. 

Study Animals 

During the pilot study only the adult monkeys were identified and named as a group, 

with field notes taken on the other age classes. At the start of the main study full 

demographic notes were taken on the two troops, individuals were named (with the 

exception of some of the low ranking juveniles and young juveniles who were 

extremely difficult to identify and subsequently were known as a group rather than 

individuals) and placed within age categories where they remained for the duration of 

the study. Age classes were assigned using Struhsaker's (1967) classification, refer to 

table 2.1. Males of all ages were identified by their colourful genitalia of blue scrotum 

while adult males also had a red perianus (as noted by Struhsaker 1967 to first appear 

in males of 2-3 years). Adult females were smaller, and instead of colourful genitalia 

had two elongated nipples (approx. one to one and a half centimetres long). Size was 

an important distinction in the assigning of an animal to an age class, with sub-adult 

males being slightly smaller and lighter in weight than adult males. The sub-adult 

females were also slightly smaller than the adults, their nipples were not as 

pronounced and tended to be pink in colour (rather than the pigmented nipples of the 

older females). Juveniles were distinguishable by their smaller size, the blue scrotum 
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being the only difference between males and females. Young juveniles were smaller 

again, their faces still carried a hint of the pink infant face with the full black colour 

still to develop. 

Table 2.1: Demographic distribution for the 2 study troops (April 1993) 

Age Classes 
(from Struhsaker 1967) 

Age in 
Years 

A Troop B Troop 

Adult Male 4+ Yrs. 5 2 
Sub-Adult Male 3-4 Yrs. 1 1 
Juvenile Male 1.5-3 Yrs. 5 3 
Young Juv. Male 0.5-1.5 Yrs. 3 3 
Adult Female 4+ Yrs. 7 7 
Sub-Adult Female 3-4 Yrs. 3 1 
Juvenile Female 1.5-3 Yrs. 4 2 
Young Juv. Female 0.5-1.5 Yrs. 3 2 

Troo Totals: 31 21 

Only when crossing the Themeda grassland was the whole of A troop visible for 

counting. B troop was only accessible when A troop was in the northern end of their 

territory. But due to the smaller numbers involved (consult table 2.1) it was possible 

to conduct B troop counts around the garden areas. 

The matriline relationships were established using a number of criteria: pair 

associations, facial characteristics, suckling of young juvenile and through personal 

communication with Jean Senogles (an amateur primatologist who has been watching 

these monkeys for the last 15 years). During the pilot study preliminary findings were 

noted, which were later extended and confirmed during the main study. Paternity 

could not be established for any of the animals. Linking potentially related adult 

females proved to be extremely difficult and as a result the older females' relationships 

within the two troops were largely unknown. The relationships presented in figure 

2.4 are the most accurate that current knowledge of these monkeys could provide. 
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Figure 2.4 Known matriline relationships for the study animals: 

A TROOP: 

ABlindy 

ABug I 
(AF) APushy 

(JM) AScrap 
(JM) ABIi 

(YJM) 

Scarface 

AWhiF 

AWhisn I 
(SAM) AWhijn 

(SAF) 

III A F2 ASF3 ASF4 

ALSF2 AAlarm 
(SAF) (SAF) ACutey 

(JF) 
AScuff APug 
(YJF) (YJF) 

A Troop Adult Males: AAlpha & ABeta = resident males 
ASorrow & AlEye = immigrant males 

LWhisk 
(JF) 

AFour = matriline unknown. 

KEY: AF 
SAM 
SAF 
JF 
im 
YJF 
YJM 

Adult female 
Sub-adult male 
Sub-adult female 
Juvenile female 
Juvenile male 
Young juvenile female 
Young juvenile male 
Exact relationship unknown, possible matrilines indicated. 
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B TROOP: 

BAF BLovely BBn 

BCheeky 
(AF) 

BM pa BFurry BV 
(im) BBi (JF) (JM) 

(YJM) 
BFi 
(YJM) 

BRo BDif BWings 

BUggs 
(JF) BMJ BWingjn 

BLi (JM) (JF) 
(YJF) 

B Troop Adult Males: BBrutus & BTwee = resident males 
BLegs = matriline unknown. 

From April to November 1993 there was some fluctuation in numbers within the 2 

troops. Two young juveniles from B troop died; one was hit by a car and disappeared 

a week later, while the other died from a snare wound; neither death affected data 

collection. Within the first two months of the study two new males joined A troop 

(AlEye and ASorrow), they remained on the edge of the troop and sustained injuries 

throughout the study period, they were included in the data collection. Over the 

period of October - November 1993 two young adult males from A troop 

disappeared, presumed to have left the natal troop as male transfer is a feature of 

vervets. This had a limited affect on the data, they were regular focal subjects but by 

the time they disappeared their data sets were adequate to be included in the analysis. 

During the month of November two more focal animals were lost, a juvenile from 

each troop (ALWhisk and BV) was electrocuted on overhead power cables but again 

their data was used in several food categories where they met the required criteria. 
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Although only 6 animals actually disappeared during the study many animals from all 

age groups sustained injuries from the minor to life threatening. A principal cause 

appeared to be snares which mainly affected tails and hands. Several young juveniles 

lost fingers and virtually all the adults had at least one broken digit. Other types of 

injuries were inflicted by the monkeys themselves. In particular the two new adult 

males in A troop (AlEye and ASorrow) sustained nasty injuries inflicted by the two 

of the three resident males (AAlpha and ABeta) throughout the study period. The 

females in A troop were not exempt either, with lower ranking females surviving 

vicious bite wounds and open cuts. Monkey inflicted injuries were relatively rare in B 

troop, possibly due to the lower population density. 

During the pilot study eleven births occurred. These infants were not included in the 

study at that time as they spent the majority of their feeding time suckling from their 

mothers. However these animals were included in the main study and comprise the 

young juvenile category, being more than six months old at the start of the main study 

(and hence had finished suckling). Ten births occurred during the main study from 

September to November 1993 but these were not considered, the births occurring at 

the end of the data collection period when, once again, the infants were dependent on 

their mothers for sustenance. The position of the infant was however noted, that is, 

whether the female was carrying the infant at the time of the feeding bout, if the infant 

was near or if it had moved away from the female's immediate vacinity. 

At the start of the main study an attempt was made to document the development of 

skills in the young juvenile animals. To some extent this was achieved for the 

surviving 3 young juveniles in B troop and for several individuals in A troop who 

were well habituated. This age group proved to be a problem as by this stage they 

were already independent of their mothers and identification of the 7 young juveniles 
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in A troop was extremely difficult. Data collection of this group was continued but it 

cannot be considered as exhaustive. 

Foods 

Although only four food groups will be considered in this thesis, data was collected 

on the sequential food processing of all the foods found within the study area. The 

full list is given in Table 2.2 where the species and common names (where known) are 

given, the food part eaten and the data category, if that food was analysed. 

The food items themselves occasionally caused problems for data collection as the 

easiest data to collect was from highly preferred food items such as pawpaw and 

sugarcane. As one might expect these food items were monopolised by the higher 

ranking animals and as a result the large fruit and sugarcane data is skewed towards 

these animals. Displacements at a preferred food item were common and as a result 

the focals often followed the food item (relevant to large fruit and sugarcane data) as 

it moved through the troop rather than the initial animal enabling the volume of data 

collected to be increased. 

At the time of termite flying, video recording was used as it enabled the data for a 

number of animals to be recorded at once. The main termite flights happened during 

rain storms and at night. To increase the data, termites were collected at night and 

placed in buckets, they were then released on open grassy areas the next day where 

the monkeys would gather them. Natural termite flights had already been observed in 

these grassy areas. These data were recorded on video and later analysed principally 

for laterality preferences. 
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Table 2.2 A Complete List of Foods Eaten by the Study Animals- 

Species / Common Name Food Parts Data Category 
*Pawpaw Pe aa** Flesh + Seeds Large Fruit 
*Pumpkin (Butternut + Gem Squash) Flesh + Seeds Large Fruit 
*Pineapple** Flesh Large Fruit 
*Mango** Flesh Large Fruit 
Ficus lutea / Giant leafed fig Fruit - 
Dalbergia obouata / Climbing flat bean Leaf shoots Leaf Shoots 
Rhus rehmanniana / Blunt leafed currant Leaf shoots Leaf Shoots 
Protorhus lon olia / Red beech Fruit Leaf Shoots 
Celtis a icana / White stinkwood Leaf shoots Leaf Shoots 
Strychnos madagascariensis / Black Monkey Orange Seeds - 
Combretum molle / Velvet bush willow Resin - 
Rhus chirindensis l Red currant rhus Bark - 
Erythrina lysistemon / Common coral tree Flowers + Bark - 
Strelitzia nicolai / Natal strelitzia Flowers + Seeds - 
Tabernaemontana ventricosa / Forest toad tree Seeds - 
Lagynias lasiantha / Natal medlar Fruit - 
Psychotria capensis / False lemonwood Fruit - 
Dalbergia obouata / Climbing flat bean Seeds - 
Acacia dealbata / Australian silver wattle* * Seeds - 
Shinus terebinthifolius / Brazilian Pepper Tree** Fruit Leaf Shoots 
*Mulberry Morus ** Fruit Leaf Shoots 
*Bauhinia variegata / Camels foot** Flowers - 
*Hibiscus** Flowers - 
*Australian Bottlebrush (Greyia)** Nectar - 
Termites Whole body Termite 
Sugarcane* * Pith Sugarcane 

*Limited to gardens. 
**Exotic plants not indigenous to Southern Africa. 

Food plants were identified using field guides, particularly Palgrave (1977), Palmer 

(1981) and by consultation with Jean Senogles (Pers. Comm. ). 

Pawpaws, pumpkins and mangos were all available in the gardens around the edge of 

the indigenous bush. The gardens have been present for approximately 25-30 years 

and therefore these can be considered to be "naturalised" foods for these particular 

monkeys. 
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Many foods were only seasonally available; rainfall is limited to one half of the year, 

between September and March. The pilot study was conducted at the end of two 

years of drought; the rains did arrive, but they were late, falling in October/November. 

The main study was conducted in a more normal year when the rains arrived 

August/September and continued through until the following February, after the end 

of this study. For the period June to September these animals are food stressed, 

spending many hours in the search of food, principally in the garden areas where 

pawpaws are readily available all year round. Once the rains arrive there is a brief 

window when the trees come into leaf, a period of about 3 weeks, for the vervets to 

feed on them. Flowers are eaten principally in the "dry" season and by the younger 

monkeys. 

Sugarcane is available in Natal throughout the year. During the pilot study sugarcane 

was identified as a complex food to process, when several monkeys appeared with 

some cane stems (stolen from the gardener). Tentative notes were taken on the 

processing strategies used by the monkeys, but sugarcane was not readily available to 

the Palmiet monkeys, although there are regular reports of monkeys raiding sugarcane 

fields throughout Natal. By May of the main study, food availability for the monkeys 

was low and the decision was made to provision the monkeys with sugarcane, 

collected from the nearby farms. The cane was cut at ground level and then placed 

within the garden area where visual access was best. Sugarcane proved to be a 

favourite food with some of the monkeys; however, by August they had stopped 

eating the cane, despite fresh stems being brought in. This may be associated with the 

rains which arrived on time (August/September) bringing trees and shrubs into leaf 

and flower and thus providing more easily processed foods. 

Table 2.3 shows the proportion of observations that were made during natural 

foraging and on provisioned foods. Included within the naturally occurring fruit 

observations are items such as pawpaw and mango, although not indigenous fruits to 
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Natal, they do occur extensively in these monkeys home ranges and no provisioning 

of these items occurred during the study. 

Table 2.3 The proportion of observations from foraging and provisioning. 

Food Category Foraging Provisioning 

Termites 0.23 0.77 

Leaf shoots 1.0 0 

Sugarcane 0 1.0 

Large fruit 0.83 0.17 

Sampling Procedure 

The A troop monkeys were located as soon as they entered the southern end of their 

territory (above the riverine bush), either by locating their calls or by scanning the 

bushes using binoculars (Zeiss 10x40). B troop usually moved very quietly and it was 

not until they moved into the gardens in the immediate vacinity of the study base that 

they were picked up. At the start of contact with the troop, animals were scanned 

until an animal was identified making contact with a food item. "Feeding" was 

considered as the period in which the animal actually gathered food, the foraging time 

necessary to locate a specific food patch was not included within the term. If there 

was more than one animal with a food item at a reasonable distance, the animal for 

whom less data had been collected was selected. After a feeding supplant, the 

supplanter was usually the next focal subject. 

The basic requirement for sequential data is continuity between successive coded 

units. Event based coding was used to record the behavioural sequences. In their 

review of sequential analysis, Bakeman and Gottman (1986) recommend this as the 
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most appropriate method for collecting sequential data. Altmann (1974) refers to it as 

sequence sampling; when the focus of the observation is the interaction sequence 

rather than any particular individual. Using this method, the sample period began 

when an interaction started, in this case the touching of a food item, either with the 

hands or mouth. During the sample all behaviours under study were recorded until 

the interaction sequence was interrupted or terminated. The next sample began with 

the onset of another sequence of interactions. This method differs from focal animal 

sampling (Altmann 1974) as behaviour-contingent rules were used for starting and 

stopping a sample. The most important criterion in using event sampling is to have a 

clear way of identifying the beginning and end of the sequence. In this study that was 

relatively easy as the onset was the first touching of a food item and the termination 

was either the finishing of a food item or movement away from the item. The main 

advantage of this method is that it allows for large samples of data to be collected: 

because the observer takes the next available interaction in the group, time is seldom 

spent without available data. Interval coding or focal animal sampling is not suitable 

for sequential data collection. Bakeman and Gottman (1986) review thoroughly 

sequential data collection techniques. They conclude that focal sampling, where the 

sample is of a particular individual for an allotted time period, has a major problem 

when the interaction occurs near the boundaries of the sample, if the time limit 

decision is employed, sequential and other information within the sample will be lost. 

All bouts were timed from the when the focal animal first made contact with the food 

(either the mouth or hand came in contact with the food) until the point when the 

animal had either finished or discarded what was in its hands or moved away from the 

food source. A bout was defined as a period of feeding on a single food type, without 

any interruption of 15 seconds or more, and included many separate mouthfuls. A 

disturbance time of 15 seconds was considered reasonable, as a period shorter than 

this resulted in vigilance scans by the animals ending a bout even when the food item 

was still in the hands and any longer delayed the start of recording a new bout. 
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Struhsaker (1967) identified four different ways for vervets to ingest food: 

1. The mouth was applied directly to the food without use of hands; 

2. One or both hands placed the substrate directly into the mouth; 

3. One or both hands held the substrate to which the food was attached and the 

mouth was then applied directly to the food; or 

4. One or both hands manipulated the food prior to placing it in the mouth. 

These categories were also the principal ones used by the subjects of this study (as 

identified during the pilot study). The majority of their diet was ingested using the 

first three methods, therefore mouthfuls of food processed was considered to be the 

most appropriate measure of quantity of food successfully eaten for the sequential 

analysis. This is in contrast to the Byrne and Byrne (1991) study where the basic unit 

used was the handful, the gorillas principally using method 4 to ingest their food. An 

attempt was made to collect equal amounts of data per animal in terms of mouthfuls 

of food processed but observations were made difficult as animals regularly moved 

high into trees or into impenetrable bush with a preferred food item like fruit. 

Another problem was that some food items were highly preferred and as a result two 

out of the four foods were skewed towards higher ranking animals while leaf shoots 

were skewed towards younger and lower ranked animals. Mouthfuls of food 

processed was used rather than the standard total focal observation time as this was a 

study of skill rather than of nutrition. 

Data collection continued until the monkeys entered inaccessible areas, and where 

permission was not given for the study to enter or if they moved to sleeping sites 

within the bush area. Displacements were common, with data collection only 

stopping when a low ranking animal had the food item and would have potentially lost 

it if brought to the attention of a higher ranking animal by the observer's presence. On 

occasion it was possible to approach the monkeys in the thicker bush areas (refer to 



64 

figure 2.1) but data collection proved impossible as the only evidence of food 

processing was the debris raining down from the canopy. In these cases data 

collection ceased until they once more moved out into open areas. Within the Palmiet 

valley there are a number of cliffs which form effective barriers to humans but are 

used regularly by the vervets as quick routes to and from the valley floor. Once the 

animals chose this route observations ended for that day. 

Over the period of the study a total of 529 hours of data collection was achieved (of 

which 88 hours was collected during the pilot study). Data was collected on a voice 

operated dictaphone (Sony) then transcribed into Word files on a portable computer 

(Toshiba T 1850) located at the field base. 

Behavioural Categories 

A number of data components was recorded within each bout: the animal, the food 

species, part of food item ingested, duration and number of bites (to give bite rate), 

and the sequences of actions used to process the food item. 

Three sets of data for each sequence of food processing were recorded. The first was 

the ELEMENT, where an element results in a clear change to the plant material by a 

single action (Byrne and Byrne 1993). Each element had a strict definition; see table 

2.4 for the complete list. The dictionary was built up over the course of the study, but 

the initial descriptions came from the literature, using Byrne and Byrne (1993) as the 

basis (refer to table 2.4 for those elements common to both studies). Then 

information from Struhsaker (1967) and Klein (1978) of descriptions of vervets 

feeding at Amboseli, Kenya was used to create categories and vague definitions which 

were later clarified in the field. A few examples will show the type of information 

available on vervet food processing before the start of the pilot study: 
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from Struhsaker 1967; 

"the majority of plant foods were consumed without manipulation 
other than picking a portion of the plant and placing it in the 
mouth... The vervets tore the stems loose from its roots, which were 
left in the ground, and then, while holding the stem with both hands, 

stripped off the outer leaves with their teeth, exposing the soft inner- 

portion of the stem base, which was then eaten.... During the rainy 
season the winged reproductive termites emerged in great 
numbers... The vervets would leap and bound after them, catching them 
by ricocheting off their hind legs and clapping their hands together 
onto the termites. " 

from Wrangham and Waterman 1981; 

"Flowers of both species were normally eaten whole, though flower 
heads were sometimes detached from the pedicel when 
picked..... Monkeys extracted seeds after splitting open pods 
lengthwise or by biting off a part of the pod and removing the seed 
with the lips or teeth. " 

from Klein 1978; 

"exudations of fever tree sap collected at numerous points on the 

surface of the bark.... animal chewed the tree surface and then licked 

the area disturbed by her incisors. If large amounts of sap were 

available on the surface, the animals would either lick the exudate 
directly or detach pieces of bark.. 

. and eat both cambium and sap. " 

The list presented in table 2.4 cannot be considered exhaustive as each new plant type 

encountered during the study seemed to require new elements and subsequent 

definitions to describe what the monkeys were doing. If more food types were 

observed then it is entirely probable that the list would have to be expanded. Another 

point to be made about the list in table 2.4 is that some of the elements were common 

to several food types while others were limited to just one type of food. For example 

the element winkle was only used to extract the seeds from Tabernaemontana 
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ventricosa fruits; while the element pick was used for large fruits, leaf shoots and 

sugarcane. 

Table 2.4 The dictionary of elements, with their definitions, used by the animals for 

all food types: 

TO DETACH: 
REACH power, hook or precision grip used to pull an attached object 
*BB into range 
YANK power grip used to apply force on object, pulled against natural 

attachment or to part of object supported by the other hand or 
*BB mouth (often to detach part). 
PICK precision grip on object pulled against natural attachment, 
*BB usually to procure item. 
PICK-UP precision grip on object to lift from flat surface. 
*BBc 

BITE OFF use teeth to cut off portion of naturally attached food or hand 
*BB supported object (e. g. to procure manageable portion). 
GRAB using one hand to take a potentially moving target, involving a 

quick darting movement of the hand away from the body to take 
the object (usually an insect). 

CLAP on a moving target, fast darting movements of both hands 
$$ simultaneously banged together, object fastened between palms. 
BEND R0 UND using hand over hand orientate branch towards body, remains 

attached to substrate. 
PULL DOWN substrate above animal, using 1 or 2 hands reach up and pull 

down towards body. 
TO BREAK AN OBJECT: 

PULL-APART using 2 hands (in power grip), pull apart movement at a tangent 
*BB to the body, thus applying force to object. 
PEEL APART using both hands in precision grip, hands move away from each 

other to reveal inside of object. 
SNAP bend object to break, supported by both hands on power or 
*BB precision grips (either side of break) or substrate. 
BEND use leverage to bend object, not totally broken as two parts 

remain attached, requires 2 handed power grip. 
BREAK OFF one hand acting as support while the other hand detaches piece 

from item. 
MOUTH YANK object supported by hands, held in mouth, head jerked 

backwards to detach piece. 
REMOVE FROM OBJECT: 

PICK OUT using precision grip or the lips to remove an object from handful 

*BB or substrate requiring discrimination of one item among man 
WINKLE with digit 2 bent at the interphalangeal joint, push into crack 

and contents "hooked" out, then licked off finger. 

PEEL precision grip used to pull off covering in strips while the other 

*B c hand supports. 
MOUTH-PEEL use of lips/teeth to pull off covering in strips, hand (s) support. 
*B]3pc 
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SCRAPE hands usually held behind back of object, incisor teeth scrape off 
*BBpc soft tissue from harder backin 

. SNIPCASE use incisor teeth to clip off hard outer casing, then casing 
*BBpc discarded, object held in power grip, one or two hands. 
BITE using teeth to bite into ob'ect, mouthful usually discarded. 
STRIP hand held in loose cylindrical grip around base of object, 

moving upwards, removing leaves, result in bundle of leaves 
(minus branch) held within circle of fingers. 

MANOEUVRING ITEMS: 
SCRUB object remains stationary, hand grasped around in power grip, 

object then moved too and fro motion against substrate. 
RUB hand placed on substrate, hand moved palm to fingers across 

substrate. 
WIPE object held in one hand, surface wiped over with the other hand. 
THUMB SLIDE object between the sides of the thumbs, moved vigorously 

between them in a too and fro motion. 
BRUSH gentle movement by one hand over the object, to remove loose 

pieces. 
SWAP HAND transfer object or handful from one hand to the other. 
*B c 
MANIPULATE rearrange, simply using fingers, the position of the items held in 
*BB one hand without using the other hand. 
ADJUST delicately adjust the position of an item in other hand, use 
*BB variety of motions. 
SPIT OUT change the holding state by ejecting object from the mouth to 

discard. 
SLICE more piece in mouth so skin on outside, flesh within the mouth 

to eat, bite down to discard flesh, no hands involved. 
TAKE OUT using precision grip remove item from mouth. 
MANOEUVRE object held between two hands (various grips) and moved within 

them. 
PULL OFF precision grip used to remove wings of termites held in the lips. 
OTHER TECHNIQUES: 
CARRY animal changes location while holding object in the hand (or 

mouth). 
POP-IN held in precision grip foods simply placed in the mouth for 

eating. 
FEED IN while still attached to plant, hold stem and feed into mouth, 

once in mouth, bite to detach mouthful from plant. 
SA USAGE FEED repeated loosening grip and regrasping lower down on a food 

*BB item in order to feed into mouth as a whole. 
STORE after mouthful move item into cheek pouch (no mastication). 
LICK held in hand (s), object licked. 
DISCARD release object from grasp, of no further interest. 
RELEASE once finished with a branch, grasp released. 
MOUTHDOWN head lowered to ground, food picked up with lips (no hands). 

RAKE using arc of hand, fingers outstretched, more substrate (e. g. 
earth, leaves) to one side. 

SCRA TCH use nail(s)/finger(s) to lift off part of surface for further 

processing. 
POKE using one finger (digit 2) push into substrate while turning to 

loosen part of substrate. 
CHEW holding object in one hand, hold up to mouth and teeth chew, 

not detached from substrate. 
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MOUTH object raised to the lips, lips move over surface but apparently no 
biting or licking, then removed form lips. 

HOLD BA CK using potential variety of grips, take loose strips and pull back 
from eating area to incorporate into hold (usually a power grip). 

STAND up on hind legs, survey area. arms at sides, head moving 
rapidly. 

SMELL hold object up to nose, can sometimes be seen to inhale 
(exa erated thorax movement). 

KEY: *BB Definitions taken from Byrne and Byrne (1993). 

*BBpc Definitions from Byrne (pers. comm. ), unpublished data. 

$$ Adapted from Struhsaker (1967) descriptions of termite catching. 

Second, the HAND used to perform the element was noted, either left, right or two 

handed. Finally an attempt was made to record the GRIP used by the hand in 

performing the element. This proved to be the most problematical category due to 

the small size of the vervet hand and the necessity of having an almost perfect view to 

see exactly what the fingers, palm and thumb were doing in relation to the food item. 

At the start of the study a dictionary of grip definitions was established from the ape 

and prosimian literature, principally from Napier (1960) and Aiello and Dean (1990). 

As the study progressed it became clear that these definitions were not comprehensive 

and the dictionary was subsequently extended (this issue will be discussed in chapter 

3). 

To analyse the finer details of dexterity and to codify initially highly variable and rapid 

feeding, video was required. For this purpose a compact S-VHS camcorder was 

used. The thick bush hindered any use of the video camera so this work was limited 

to the more open areas of the grassland and gardens. The vervets never really got 

used to the video camera, often preferring to move into inaccessible areas when the 

camera was pointed at them. As a result the working distance was increased to 

approximately 3 to 10 metres. The sequences were recorded then replayed through 

the eyepiece once data collection for that day was ended. This allowed sequences to 

be viewed over and over enabling correct definition of novel elements, especially 

when new foods were encountered. This technique was also used if an animal was 
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fumbling (common among the younger animals) or if an unusual technique was 

demonstrated. As in "live" data collection, the sequences were recorded onto 

dictaphone and then transcribed into the relevant data files on the portable computer. 

Only the termite data was examined back in the laboratory where a bigger screen 

facilitated data collection. As the study progressed the video was required less and 

less as the number of novel actions encountered dwindled and data collection became 

swifter. 

General Analysis Methods 

The data was stored as a series of Word files: a file was set up for each animal per 

food type. For the analysis, foods were considered for which there was an adequate 

number of mouthfuls; to qualify, a single animal's data set must include more than fifty 

mouthfuls. Fifty mouthfuls was considered to provide sufficient records of action 

sequences to allow the specification of that individual's style of food processing. Then 

there had to be a sufficient number of animals eating fifty mouthfuls of the food type; 

an arbitrary figure of more than 10 animals across a range of age classes was used. 

This would provide sufficient data of food processing to assess the level of skill 

required by the population of vervets to eat the particular food item in question. At 

the end of the study there were four obvious food groups which qualified for analysis, 

which will be presented in later chapters. These groups are large fruits, leaf shoots 

(including small fruits and seeds), sugarcane stems and termites (see table 2.2). Those 

animals for whom there was more than 50 mouthfuls of data for a food item were not 

necessarily the same across the four food types (refer to table 2.5). 

The types of food studied, in particular the clumped items, sugarcane and large fruit, 

skewed the data towards higher ranking animals who were able to either displace a 

lower ranking animal from the food source or eat the item without being displaced 

themselves. This was not considered a major problem as this was a study of 
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Table 2.5 A complete list of animals for whom >50 mouthfuls of data for each food 

type, including the number of mouthfuls of food and the number of bouts observed 

Age Group Large 

Fruit 
No. 

M'ful 
No. 

Bouts 
Sugar- 

cane 

No. 

M'ful 

No. 

Bouts 

Leaf No. 

M'fiil 

No. 

Bouts 

Termites No. 

\l'ful 

No. 

Bouts 

Adult male: AAl ha 335 16 AAl ha 54 4 AFour 263 9 AAlpha 126 4 
ABeta 128 8 AFour 187 13 ASorrow 113 4 ABda 62 7 

AlEye 62 3 BBrutus 50 3 AFour 70 10 

AFour 141 10 BTwee 79 8 

BBrutus 282 6 

BTwee 182 14 

Sub-adult 

male 

AWhisn 181 7 AWhisn 65 4 AWhisn 115 6 

BLegs 225 12 BLegs 219 15 BLegs 50 4 

Adult female ASF2 83 5 ABug 52 4 ASF2 438 9 ASF2 61 7 

ASF3 132 7 BRo 63 4 ASF3 217 4 ASF4 109 5 

ASF4 52 4 BAF 81 3 AScar 64 4 AScar 116 6 

AScar 87 5 BCheek 50 18 BBn 50 3 ABlindy 101 7 

ABlindy 55 19 BLovely 151 5 ABug 107 7 

ABug 217 10 AWhisF 78 3 

AWhiF 72 14 

BRo 215 8 

Wings 63 5 

BAF 107 10 

BBn 198 10 

BDif 104 6 

BCheek 82 11 

Sub-adult 

female 

ALSF2 85 6 AWhijn 50 7 ALSF2 77 5 

AWhi'n 145 10 AWhijn 130 10 

AAlarm 90 11 

Juvenile Male APushy 86 8 BPupa 69 6 BPu a 100 5 APushy 107 11 

AScrap 203 12 BV 106 6 AScrap 132 11 

BPu a 67 8 ALWhisk 58 5 

BMJ 58 3 

BV 399 18 

Juvenile 

Female 

BWingjn 133 10 BWingjn 66 6 ACutey 124 10 

BFun-y 50 10 

Young 

Juvenile 

ABIi 69 5 BFi 50 9 AScuff 57 4 

BBi 107 15 BLi 50 7 BBi 50 4 

BFi 305 20 

BLi 93 6 

Animal Totals 34 16 13 1S 

NB: Initial letter of names indicates Troop (either A or B) 



71 

processing skill, the most important aspect was to have the opportunity to collect 

good sequential data on feeding; where the interaction sequence is more important 

than any particular individual (Altmann 1974). 

There is a skew in sampling when considering within subject data. In table 2.5 it is 

clear that several individuals data was gained from just 3 bouts of feeding (the lowest 

number of bouts recorded) while for other individuals 20 bouts of feeding were 
documented. In the perfect scenario the best data would be from multiple bouts of 

many mouthfuls to be sure of capturing all the sequences performed by the subjects. 

However, the difficult nature of this type of data collection, combined with the 

problems associated with field work resulted in some individuals being recorded more 

often than others. As none of the data came from a single bout of feeding all the 

sequences derived from the data can be considered to be a subset of what the animal 

may use to process food under a variety of situations. It is likely that the full set of 

grips and elements has not reached asymptote for all animals. A correlation was 

performed to see whether the amount of data collected affected the number of grips 

or elements recorded, see table 2.6. 

Table 2.6 Correlation coefficient scores for mouthfuls of data collected against the 

number of grips and elements recorded for subjects per food. 

Termite p< Leaf p< S'cane < Fruit p< 
subject number 15 13 16 _ 34 
M'fuls to grips - - 0.8450 0.01 0.7840 0.01 0.6322 0.01 
M'fuls to elements 0.5754 0.05 0.6574 0.05 0.3291 0.21 0.6645 0.01 

Only one food item showed a non-significant correlation, sugarcane. For this food the 

data had reached asymptote. The data presented in the following chapters cannot be 

considered exhaustive. It is possible that with more data all animals would prove to 

use the same set of grips and elements. However many of the grips and elements 

would be used rarely and the interest of this study is to establish which grips and 
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elements an animal uses regularly in an attempt to identify how individuals process 

foods of varying complexity. A similar scenario was reported by Byrne and Byrne 

(1993) where they report that despite recording a large number of elements, their data 

still did not reach asymptote for the animals' entire repertoires for leaf processing. 

Each set of data, grips, laterality and elements, have been analysed separately. In the 

next chapter I will present the grips used by the monkeys to process the four foods. 

Chapter 4 looks at the more detailed aspect of individual grip usage and I attempt to 

explain why the monkeys used different grips for the same task, using a number of 

independent variables. The subsequent chapters will consider the other aspects of 

vervet monkey food processing. 
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Chapter 3 

A Study of Prehensile Manipulation for Four Natural Food 
Items 

Introduction 

Hands are important as they are used in a variety of biological roles from locomotor 

functions (climbing, arm suspension, walking), to manipulation of food items and 

activities like grooming. Preuschoft and Chivers (1993) indicated that primate hands 

are better understood as adaptations to specific locomotor behaviour than to precision 

handling: major features have been acquired for locomotion while the animal has to 

make the best of it when performing precise manipulations. 

Bishop (1964) argued that two developments are most responsible for the evolution 

of fine control - play and grooming. She considers that the active motor variability 

shown in play may be a preadaptation for variable control of the parts of the hands. 

In addition she suggests that the direct approximation of the touch pads necessary to 

gain purchase while grasping fur might be a preadaptation to fine control. However, 

there is more consistent support within the literature (MacNeilage, 1989) for the 

evolution of invasive or extractive foraging being the important factor in the evolution 

of fine hand control in higher primates. In a discussion of food processing in monkeys 

Cant and Temerin (1984) point out that: 

"Many items include edible and inedible (or undesirable) parts and in 

some cases these act as barriers to ingestion as well. There may be 

soil adhering to the bases of grass stems, tough husks on fruit, large 

seeds or dense hairs on caterpillars, for example. Both manipulatory 

and masticatory abilities comprising the use of hands, lips and teeth, 

help endow the consumer with the capacity to extract the portions it 

wishes to eat and discard the rest". 
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The data from behavioural laboratory and field studies for primates is very limited and 

varies from good qualitative data to poor studies which failed to demonstrate any 

relationship to potential morphological constraints or behavioural observations in the 

wild. Most of the studies concentrate on the manipulation of non-edible 

environmental objects as the variety, versatility and skilfulness of manipulations are 

one of the most characteristic features which distinguish primates from non-primate 

animals. 

Some of the best experiments on manipulation and grip usage have been done on the 

modern prosimians, principally by Bishop (1964). In a series of experiments Bishop 

was able to clearly show that the hand of modern prosimians is primarily related to the 

mode of locomotion or size rather than to aspects of feeding behaviour. A number of 

species were tested in their ability to grab inanimate objects and the results showed 

that each infraorder exhibited a single prehensive pattern, regardless of hand shape 

variants and feeding preferences. The prosimians are limited to a whole hand power 

grip, as defined by Napier (1960). In higher primates there is also the ability to use 

precision grips. Unfortunately the evidence, unlike that for prosimians, is very poor. 

The following studies give a scratchy account of the potential manipulatory 

capabilities of monkeys. 

Torigoe (1985) presented 74 primate species (24 genera of 6 families) with a nylon 

rope and a wooden cube. For the study manipulation was defined as any physical 

contact with the object placed in the cage. Each manipulation pattern consisted of 

three components: action performed, body parts used and the relation to other objects 

or the substrate. He then compared the modes of manipulation across the species. 

The results of an inter group comparison showed that the great apes (Pongo, Pan, 

Gorilla) and Cebus monkeys (Cebus) have the most varied repertoire of manipulation. 

Most other primates showed various modes of manipulation, with great variety within 
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each species group except for the lemur (Lemur), marmoset (Callithrix), spider 

monkeys (Ateles, Lagothrix) and leaf eaters (Colobus, Presbytis, Nasalis) which had 

the fewest modes of manipulation. The body parts commonly used by all species such 

as hand and mouth were mainly involved in these actions. Anatomical differences 

among species can be considered to account for some of the differences in 

manipulation. The lemur and marmoset cannot move each finger independently 

because of their anatomical restrictions (Torigoe 1985). The leaf eaters and spider 

monkeys have shortened thumbs (or no thumb at all), which are disadvantageous for 

complex manipulations (Napier 1961). Indeed Torigoe's results show that the palmar 

side of the hand accounted for about 90% of the manipulation patterns across all three 

groups. The mouth was also used dominantly by all species. The use of the fingers 

moving opposably to or independently of each other was frequently observed in the 

macaque, quenon, mangabey, baboon, lesser ape and great ape species. The most 

popular mode of finger use was that involving the thumb and index finger, or thumb 

and the other fingers opposably (Torigoe 1985). It is no real surprise that the groups 

displayed different manipulatory capabilities if one considers their basic anatomy. It is 

a shame that Torigoe did not take this into consideration and devise a more 

appropriate scheme involving the appropriate nomenclature and anatomy. 

Another recent study, Starin (1990) focused on the object manipulation by wild red 

Colobus monkeys (Procolobus badius temminckii) living in the Abuko Nature 

Reserve, Gambia. Despite lacking a thumb and independent movement of the fingers, 

which must limit the variety of manipulative patterns the red Colobus can engage in, 

they do possess at least the minimum morphological capabilities and a limited 

predisposition to handle objects. The objects included things like dead twigs, live 

leaves (either picked up or detached), flowers and fruit. Starin (1990) made no 

attempt to describe how the objects were detached or held, none were used in feeding 

but appeared to be used in play and in agonistic situations such as intimidation 

displays with sticks. The studies presented so far in this review, have only managed 
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to give a mere suggestion of the manual dexterity and cognitive processes that are 

involved in the manipulation of objects. 

Costello and Fragaszy (1988) conducted a comparative study with tufted capuchins 

(Cebus apella) and the squirrel monkey (Saimiri sciureus) to identify grip types used 

when offered various food incentives. Their results are very interesting, especially as 

they actually used recognised grip nomenclature and related it to the behaviour of the 

animals. The Cebus monkeys were capable of both power and a variety of precision 

grips (using Napier's 1960 definitions). In all, 9 separate precision grips were 

identified, although the 1-2 (pad to side) and 1-2,3 (three jaw chuck) grips accounted 

for 75% of the observed precision grips, with the 1-2 grip being the most commonly 

used (the numbers refer to the digits employed in the grip, 1 being the thumb). Other 

variations on the precision grip included 2-3,2-2 (bimanual), 1-2,3,4,3-4, wrapped in 

2,4-5 and 1-2,3,4,5 eve jaw chuck). In comparison the squirrel monkey used power 

grips on all trials, however they held objects as successfully (that is, as quickly and 

generally on the first attempt) as capuchins. On two tasks they were not so good, 

using inefficient methods of hand control and lacking sensory integration (Welles 

1974). Although the thumb of Cebus, like that of Saimiri, is anatomically restricted 

to pseudo-opposability, Costello and Fragaszy demonstrated that capuchins possess 

the ability to exercise a variety of precision grips. The relatively infrequent 2-3 and 3- 

4 precision grips did demonstrate that capuchins are capable of holding an object in a 

precision grip without the use of the thumb. Squirrel monkeys do not exhibit even the 

precision grips that do not require opposition of the thumb. 

The frequent use of precision grips and the presence of a variety of precision grips in 

capuchins are consistent with earlier reports of manipulative variability in Cebus 

(Torigoe 1985). Parker and Gibson (1977) propose that the unusual capabilities of 

Cebus arose as an adaptation for feeding on embedded, encased and seasonally limited 

foods. Successful exploitation of embedded resources requires some method of 
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manipulating the target object; in wild capuchins this involves pounding foods (held in 

a power grip) against a substrate, often alternating with the tearing action of the teeth 

(Izawa 1979), and co-ordinated digital control to probe and hold extractive foods 

(Fragaszy 1986, for C. olivaceus). 

My first stage in understanding the precise movements made by the vervet hand was 

to consult the literature, to establish the grips already known to be used by non- 

human primates, and then to expand the grip nomenclature if necessary. Most studies 

of object manipulation have been based on human capabilities with inanimate objects. 

This creates a problem when one wishes to consider object manipulation in the non- 

human primates. There is a gap in our knowledge, concerning the capabilities of non- 

human primates within the context of human manipulation skills, and equally what 

they are capable of that humans are not. 

Even among studies conducted on non-human primates, most have been based on 

work done with captive animals using human oriented objects - Christel (1993,1994), 

Bishop for lower primates (1962,1964), and Napier for apes (1960,1961). Not until 

recently has the matter of grips been considered in the field setting. Two different 

studies both noted hand position in relation to natural objects, Boesch and Boesch's 

(1993) study of hand position in relation to chimpanzee tool use and Byrne and 

Byrne's (1991,1993) gorilla plant feeding project. 

The aim of my study was to consider exactly which grips the monkeys were using in 

the processing of four foods, termites, leaf shoots, sugarcane and large fruits and then 

to assess how similar were individuals' use of grips. The data for grip use was then 

compared to the known morphology of the cercopithecines as a means of examining 

some of the apparent patterns of grip use. 
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The Definitions of Grips 

The hand is capable of complex compound movements; these include for example not 

only flexion of the fingers and the ability to spread the fingers (abduction) or move the 

fingers together (adduction), but also two other movement capabilities, opposition 

and cupping. Opposition is the ability to place the pulp surface of the thumb squarely 

in contact with, or diametrically opposite to, the terminal pads of one or all the 

remaining fingers (Napier 1980). Cupping occurs when the edges of the palm are 

brought together, seen as a deepening of the palm (Aiello and Dean 1990). These 

movements are seen in many of the grips described below. They are dependent on the 

morphology of the bones and joints of the palm. In respect of non-human primates 

this has to be taken into consideration when determining whether some grips can 

actually be performed. 

The manipulatory abilities of the hand fall into two general classes; non-prehensile and 

prehensile capabilities. The term non prehensile is used to describe capabilities such 

as pushing, lifting movements of the whole hand, or pushing, lifting, tapping and 

punching movements of the fingers (Aiello and Dean 1990). By comparison 

prehensile describes movements where objects are grasped either between the digits 

or between the digits and the palm (Aiello and Dean 1990). In a series of papers 

Napier (1960,1961,1980) devised a method of analysing the prehensile movements 

of the hand. He proposed that prehensile movements could be analysed in two 

functional patterns which he called the power grip and the precision grip. The 

dominant characteristic of the power grip is the application of force, whereas the 

precision grip is employed where delicacy and precision of movement are required. 

Anatomically the two functions (in man) as defined by Napier (1960) are: 

Power grip - the object is held as in a clamp between the flexed fingers and the 

palm, counter pressure being applied by the adducted thumb. 
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Precision grip - the object is gripped between the palmar aspect of the 

terminal phalanx of the finger or fingers and the thumb 

Landsmeer (1962) prefers, however, the term precision handling, to emphasise the 

manipulatory quality of precision grips as opposed to the forceful grasping in a power 

grip. For this study the more widely used term of precision grip will be used as the 

study animals made no apparent "intermediate movement" between picking up the 

object and the subsequent fully secure grip as Landsmeer predicted. Christel (1993) 

observed the same approach in pongid grasping and subsequently used Napier's 

definition in preference to Landsmeer. 

These two definitions of power and precision grips were used as the basis for my 

study of grip types. However, during the pilot work it became clear that the 

definitions provided in the literature were not adequate to describe all the grasping 

techniques used by the monkeys during food processing. This is a consequence of the 

few previous studies of grip types concentrating on human and ape hand use, with 

even less having been done on real life objects such as natural food items. For a 

conventional study of grip types it is necessary to have near-perfect observational 

conditions, a state which rarely occurs when studying animals in the wild. This led me 

to introduce less detailed descriptions of grip type, or "super-categories", in an 

attempt to at least establish the broad category of grip used by the animals. 

The power grip is essentially executed between the fingers and the palm of the hand 

with the thumb acting as buttress. There are four variants in the literature, the 

squeeze grip, whole hand grasp, the disc grip and the spherical grip. The squeeze 

grip (directional grip, Malek 1981) is used to grasp cylindrical objects such as the 

handle of a hammer, as seen in figure 3.1f. An object is held diagonally across the 

palm by the flexed fingers, on the radial side of the hand it rests against the side of the 

flexed proximal interphalangeal joint of digit 2 and is stabilised in this position by the 
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c. 5-jaw chuck grip 

e. Pad-to-side grip f. Squeeze grip g. Disc grip h. Spherical grip 

Figure 3.1 The eight prehensile capabilities of the human hand, 
as defined by Aiello and Dean 1990. 

b. Scissor grip d. Pad-to-pad grip a. Hook grip 
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adducted thumb. Digits 4 and 5 are flexed to a greater extent than digits 2 and 3. A 

variation of this occurs when the fingers are flexed and the thumb is flexed over digits 

2 and 3. In this position digit 3 is the power digit and digits 4 and 5 supinate toward 

the middle to provide reinforcement. Harrison (1981) distinguishes this as a "coal 

hammer grip" and Malek (1981) as a whole hand grasp, figure 3.2. Compare pictures 

A and B in figure 3.3, the position of the thumb influences the strength of the grip. 

The dynamic activity is provided either by the hand from the wrist joint, the forearm 

from the elbow joint or the arm from the shoulder joint. 

These two detailed descriptions were extremely difficult to observe in the field. To 

make data collection simpler the grips were placed in a hierarchical taxonomy, where 

the broadest categories were at the top, for example power and precision, and the 

most detailed descriptions at the bottom of the tree. Thus when it was not clear at the 

most detailed level which grip was being used it was possible to use the hierarchy to 

describe what was happening to the best of my ability. All the grip types referred to 

in the next section are represented in the hierarchical diagram, figure 3.4. A super 

category cylindrical, was created to include the two types of grip described above, 

where cylindrical is defined as "the object is grasped along the width of the palm by 

the flexed fingers". A major problem for the vervet in performing power grips was 

their relatively short thumb in relation to their long fingers, visible in the photograph 

of an adult vervet's hand, figure 3.5. Rather than use the thumb as a buttress the 

monkeys seemed to prefer to lay the thumb alongside the fingers; there were two 

variants noted in this study, both of which can be described as variants of the whole 

hand grasp where the object lies along the length of the palm, rather than diagonally 

as in the squeeze grip (refer to figure 3.3 for the difference). The first modified grip 

was termed C2 (for a modified cylindrical grip), defined as "the object is grasped 

along the width of the palm by the flexed fingers, thumb sticks up and is not involved 

in the grasp". By contrast C3 was defined as "the object is grasped along the width of 

the palm by the flexed fingers and thumb, with all five digits on the same side of the 
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Figure 3.2 An Example of whole hand grasp. 
Taken from Napier 1960, the example is of an orangutan hand. 
"Alex grasping a stick in a fist-like power grip". 

A B 

Figure 3.3 Pictures comparing a whole hand rasp (A) to a 
squeeze drip (B). 
Taken from Malek 1981. 
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object". The buttress effect was created in two different ways: either the hands 

opposed one another, that is one hand grasped over the top of the object while the 

other hand grasped under the object; or, the object was rested against a firm surface 

such as the branch of a tree or the ground and held steady by one of the modified 

cylindrical grips, allowing food processing on a now secured item. 

When dealing with rounder shaped objects another super category was required, 

round, refer to figure 3.4. This was defined as "the object is held against the palm, 

with the digits placed around the object's circumference". This group included Aiello 

and Dean's (1990) disc grip used, for example, when tightening jar lids (figure 3.1 g). 

Pressure is applied against the object by the palm of the hand while the slightly flexed 

thumb and the remaining fingers grasp the circumference of the object. The spherical 

grip is where large spherical objects such as cricket balls are held against the palm by 

the flexed fingers and thumb (figure 3.1 h and figure 3.6, showing two different 

orientations of the spherical grip). 

The precision grip involves the ball of the thumb and the pads of one or more fingers. 

Since Napier (1960) first devised the concept of precision grips this group has 

continued to be enlarged (Shrewsbury and Sonek 1986, Aiello and Dean 1990, 

Christel 1993). In this study two super-categories were introduced into the group, 

the chuck and pincer, figure 3.4. Chuck is defined as "the object being held between 

the pulps of 3 or more digits (including the thumb)", whilst the pincer is when "the 

object is held between the thumb and another digit at the region of the distal phalanx". 

The precision grips proved to be simpler to identify in detail than the power grips and 

it was possible to record all the grips at the more detailed level. 

Within the chuck super-category there were two variations. When a large object, 

such as a jar lid, is held between the pulps of all 5 digits, it is termed a five- 
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jaw chuck (Aiello and Dean 1990); this offers reinforced stability to the grip (figure 

3.1 c). When smaller objects are held, either the thumb and digits 2 and 3 are used, in 

a three jaw chuck (Aiello and Dean 1990). In the three jaw chuck digits 4 and 5 are 

often used as a buttress to prevent ulnar drifting of the other digits. Quite often the 

object is pressed up against the edge of the hand, either on the radial side inside the 

first cleft (e. g. a pen) with digit 2 maintaining the contact between hand and object, or 

on the ulnar side, contact now being maintained by digit 5 which serves to lock the 

grip (Malek 1981). 

The pincer super-category comprises four detailed grip types. The pad to pad grip or 

'pulp to pulp' opposition (Napier 1960) is the apposition of the proximal ungual pulp 

of the thumb to the proximal pulp of another digit, as seen in figure 3.7a (Christel 

1993) and figure 3.8d (Shrewsbury and Sonek 1986). The apposition of two 

proximal ungual pulps (placing the finger tips together) amplifies the features of 

comparatively wide, deformable, frictional surfaces and increases the area of contact 

for stabilisation. The pad to side grip (or pinch grip) is frequently used when 

inserting a key in a lock, the ball of the thumb (distal or proximal ungual pulp) is 

placed against the side of digit 2, figures 3. le, 3.7b and 3.8a. This allows 

considerable applied force by a distal phalanx against a non-deformable, non-pulp 

surface (Shrewsbury and Sonek 1986). This type of precision holding, whether the 

distal or proximal ungual pulp is the most effective mode for object stabilisation and 

has the broadest range of precision use. Shrewsbury and Sonek (1986) added 2 

further categories, see figure 3.8 for comparison; (1) tip to tip precision holding is the 

apposition of the distal ungual pulp of the thumb to that of one or more of the other 

digits. As demonstrated in figure 3.7c this allows small objects to be picked up from a 

flat surface and held or conveyed in a pincer fashion. Stabilised holding is present for 

small objects, stabilisation is provided by the restricted mobility of the distal pulp. (2) 

Tip to pad precision holding is the apposition of the distal ungual pulp or the proximal 

ungual pulp of the pollex to another digit, or conversely, a digit to the 
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Idvo - Ildvo 

S 

Id - Ildigr 

Figure 3.7 Four of the precision grips presented by Christel 1993 

a. An example of a pad to pad grip. b. An example of pcid to . s-icie g, Tr, ip. 
Described as a Idvo - IIdvo. Described as a Id - Ildigr. 

c. An example of a lip lo tipp grip 
Described as a Id - IId. 

d. An example of a tip io /) uc! g/"ip. 
Described as a Id - IIdvo. 

11 

ýr/// ,1 

7 7/ 
Id-IId 

'\ 

Figure 3.8 The four types of precision holding presented by 
Shrewsbury and Sonek 1986 
1a Pad to side 1b Tip to tip 1c Tip to pad 1d Pulp to pulp. 

Fig. lb. Fig. lc. Fig. id. 

Id-IIdvo 



89 

pollex, figure 3.7d. This allows the 'nesting' of a flat or small round object into a 

deformable, broader, proximal pulp surface to enhance stability. This group of pincer 

grips has been further examined by Christel (1993) who conducted detailed laboratory 

based observations, in which she described the grip by exact locations on the fingers 

with each finger being split into 6 regions. Refer to figure 3.7 for Christel's more 

detailed descriptions of the four main precision grips where; 

Idvo at distal thumb pad 

IIdvo at distal index finger pad 

Id at tip of distal phalanx of thumb, volar 

IIdigr at radial aspect of the distal joint of the index finger 

lid at tip of distal phalanx of the index finger, volar. 

These descriptions correspond with those definitions provided by Shrewsbury and 

Sonek (1986), but Christel had a further 16 areas of the hand for pongids and 4 for 

humans involved in grasping actions, resulting in another nine pincer grips. However, 

detail of this type was totally out of the question for the wild monkeys. The 

definitions used for this study were the four already described above. 

Napier (1960) specified another type of grip which stands alone in the taxonomy, 

figure 3.4. The scissor grip (or inter digital grip) is used to hold objects between the 

sides of the terminal phalanges of digits 2 and 3 as in holding a cigarette. This grip is 

produced by the adduction of digit 2, the forces are transmitted through the lateral 

soft tissues although the motor muscles involved are weak, resulting in these grips 

only being used for small light objects, examples are shown in figures 3.1 b and 3.9. 

In addition to the power and precision grips, Napier (1980) specified another grip: the 

hook grip occurs when the fingers are flexed at the interphalangeal joints, the thumb is 

not involved. It is used for example, when carrying a suitcase, or hanging from a 

branch, see figures 3.1 a and 3.10. The hook grip is controlled by the powerful 
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Figure 3.9 An example of a scissor grip. 
Taken from Boesch & Boesch 1993, 
the drawings are of chimpanzee hands. 

Figure 3.10 An example of a hook grip. 
Taken from Napier 1960, the example is of an orangutan hand. 
"Alex holding onto a broom handle by a hook like power grip" 
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digital long flexor and extensor muscles. They have more stamina than the intrinsic 

muscles, which control flexion of the metacarpophalangeal (MCP) joints and 

adduction of the thumb but tire easily (Tubiana 1981). Malek (1981) used a variation 

of this called a digitopalmar grip where the flexed fingers oppose the heel of the hand 

and the thumb is not involved. For comparison with hook see pictures in figures 3.10 

and 3.11. These two grips were linked by the super category flex, where "the fingers 

are flexed to varying degrees in apposition to the palm, the thumb is not involved". 

This leaves the group which strictly are not grips but are used in supporting the object 

during manipulation. Malek (1981) suggested the platform grip. The hand is usually 

flat, the object resting on the whole or on part of the palmar surface, the object 

coming into contact with the palm or the digital pulps. Two examples are given in 

figure 3.12. This hold does not fix the object, but it can be quite powerful as all the 

muscles of the forearm and hand jointly oppose the weight of the object. The 

monkeys used another variation, the platform crossed, where "the hands were held 

flat one behind the other with the object resting on the palmar aspect of the 

uppermost hand". They also used another type of support grip, the closed fist. In this 

case the digits were bent at the knuckles and the first interphalangeal joints to make a 

closed fist, the object then rested on the ventral side of the wrist and the backs of 

fingers. 

The detailed descriptions and modification of the grips described here became 

necessary due to the difficulties of observing the monkeys under field conditions. It 

was not always possible to identify the exact grip type, so they provided a working set 

of definitions which could encompass the difficulties of observing the small vervet 

hand, the angles from which the feeding bout was observed, and the huge variety of 

different shaped objects that the monkeys handled. 
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Figure 3.11 An example of a digitopalmar grip. 
Taken from Malek 1981. 

Figure 3.12 An example of two Platform grips. 
Taken from Malek 1981. 
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The Grip Types Used by the Monkeys: 

Data Collected 

For each animal observed with a food item the data was collected as sequences of 

processing, for every action performed within the sequence the grip type was 

recorded. Each data set comprised a number of sequences of grip types used in 

processing that particular food. For a data set to qualify for analysis the animal in 

question must have eaten more than 50 mouthfuls of any one food type. Apart from 

this criterion the animal only had to use the grip once to be recorded as using that grip 

type. 

The discussion so far on grips has implied the use of one hand in performing 

manipulative task but in reality object manipulation often involves two hands. Thus 

there are a variety of combinations in which grips could be used, for example a two 

handed whole hand grasp or a three jaw chuck with a squeeze grip. While an 

individual may be able to perform all the grips as single manipulations it may involve 

greater dexterity to combine grips. Therefore it was necessary to split the data into 

three different categories: single handed grips; two handed symmetrical grips, where 

the same grip was performed by both hands concurrently; and two handed 

asymmetrical grips, where each hand used a different grip at the same time and on the 

same object. Each definition was considered independently and data was not clumped 

at any point of the grip hierarchy, so for instance if C2 and C3 were used concurrently 

this would be considered a two handed asymmetrical grip, rather than a symmetrical 

power grip. Equally a round - C2 combination was not altered to a round - 

cylindrical combination. In this way the maximum amount of information was 

retained for analysis. Although there was the potential for the monkeys to use all the 

grips shown in the taxonomy, the actual number that they did use for the four food 

types (termites, leaf shoots, sugarcane and large fruit) was comparatively small. 
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Results: Single handed grips 

The working definitions proved to be more successful than relying on the literature 

definitions alone. Consider table 3.1 which shows the grips used in single handed 

actions; these were the only grips used to process the four food items for all the 

animals (although not all animals ate all four food types). Of these ten, six definitions 

came from the literature. Figure 3.13 graphically demonstrates how few of the 

established grip definitions were performed in the tasks, it is a repeat of the grip 

hierarchy shown in figure 3.4, but this figure highlights the actual grips used. In 

particular, it seems that the traditional power grip definitions were not suitable to 

describe the vervets hand positions: four out of six definitions were described during 

this study. Some of the grips used could be linked to the type of food eaten while 

others were common to several food types. For example, spherical grip was only 

used in the processing of large fruits while the more generalised description round 

was used for both sugarcane and large fruit. The three definitions for cylindrical 

objects were widely used for fruit, sugarcane and leaf shoot eating. This wide use of 

the two new definitions (C2 and C3) justified their introduction into the grip 

taxonomy. The grip pad to side was the most commonly used precision grip and this 

was the only one used across all four food types. The only grip used in termite 

feeding was pad to side, a consequence of the small size of the termite and the 

dexterity required to pick them off the ground and remove the wings. It is interesting 

to note that only two precision grips were used at all, the pad to side and three jaw 

chuck grips. This is most likely due to the problem of having a short thumb and long 

fingers which makes many of the more detailed pincer grips extremely difficult. 
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Table 3.1 Single hand grips for four food types. Where F= fruit, S= sugarcane, L= 
leaf shoots and I= termites. 

Age Sex Cy C3 C2 Whg Sp RO s 3J Pl Hook 
AAl ha A M F S F F F FI 
ABeta A M F FI F 
AFour A M FSL SL L F FS FSLI L L 
ASorrow A M L L L 
AlEye A M F F 
AWhisn A M SL S S F FS L 
BBrutus A M S F S FSL 
BTwee A M S S S S F S F 
BLegs A M SL S SL F S FSL 
ABlindy A Fe F F FI F 
ABug A Fe FS S F FS I 
AWhiF A Fe F FI 
AScar A Fe L F F LI 
ASF2 A Fe L L L F F LI L 
ASF3 A Fe L F FL L 
ASF4 A Fe FI 
BAF A Fe S S F FS 
BLove A Fe S S S S S S 
BCheek A Fe FS S F S FS 
BBn A Fe L F FL 
BRo A Fe S S S F FS 

BDif A Fe F F F F 
Wings A Fe F F 
APushy J M F FI 
ALSF2 J Fe F FI 
AALarm J Fe I 
AWhi'n J Fe S S S S F S FS I 
AScrap J M F FI 
ACutey J Fe L L L 
ALWhi J Fe I 
BPupa J M SL S F S FSL L 

BWingj J Fe S S F S FS 
BV J M L F FL L 
BMJ J M 
BFurry J Fe F F F 
AB1i J M F F 
AScuff J Fe L L 
BBi J M L FL L 

BFi J M S S F S FS F 

BLi J Fe S S- IF S FS 

Key: Power Grips: 
Cy - Cylindrical power grip RO - Round grip 
C2 - Modified cylindrical (1) Hook - Hook grip 
C3 - Modified Cylindrical (2) 
Whg - Whole hand grasp 
Sp - Spherical grip 

Sex 
A- Adult M- Male 
J- Juvenile Fe - Female 

Precision Grips: 
p-s - Pad to side 
3J - Three jaw chuck 

Support Grips: 
P1- Platform support grip 
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One of the grips, whole hand grasp, was apparently only used by 2 animals; this may 

have been a result of problems in identifying the grips during food processing. Whole 

hand grasp was a very difficult grip to identify and if it did occur in other animals it is 

quite possible that it was absorbed into the cylindrical category. It was often very 

difficult to observe what the monkeys were doing with their hands during sugarcane 

processing. The actions were very fast and the monkeys were working on 

comparatively small areas making the more detailed level of grip definition very 

difficult. As a result sugarcane was represented in the broader grip definitions. 

Another grip, platform was only used by one individual, the young juvenile BFi. 

Platform was restricted in use to eating floppy pawpaw skins and was more 

commonly used as a two handed support rather than a single handed grip. 

Only the juvenile, BMJ, did not score a grip type. This was because he was only 

included in the large fruit data category and in the bouts recorded for him the fruit lay 

on the ground while he scraped the flesh off nearly finished skins. He did eat more 

than 50 mouthfuls but at no point was he required to use his hands either to hold or 

manipulate the fruit as a single handed task. 

The number of grips not only varied across the food tasks but within them as well. 

From table 3.1 it is evident that two grips are important in manipulating fruit - 

spherical and pad to side. Out of 33 animals who ate fruit, 30 of them used these two 

grips. The three who did not were ASF4, ABli and BBi. BBi and ASF4 only used 

the grip pad to side while AB1i used the power grip, cylindrical, as well. Cylindrical 

was the next most common grip with seven individuals using it to hold fruit. The 

most common situation in which these two grips were used occurred when either the 

fruit needed cleaning or when part of an ingested item was removed from the mouth. 

In this scenario the fruit was stabilised using a power grip (either cylindrical, 

spherical or round) while the other hand was free to either pick pieces/debris from the 



98 

fruit or remove items from the mouth (using a pad to side or three jaw chuck), either 

to be discarded or processed further. 

It was possible to test for any effects of the independent variables, age, sex and troop 

on use of single handed grips for fruit. None of the variables had a significant effect 

on grip choice, see table 3.2. Nor was there any effect between the variables as all the 

interactions were non-significant (table 3.2). 

Table 3.2 A summary of ANOVA results for effects of the independent variables, age 
sex and troop on grip choice when eating fruit. 

Source of Variation F ratio DF probability 
Age 2.295 1,3 0.14 
Sex 0.055 1,3 0.82 
Troop 0.603 1,3 0.44 
2-way Interaction 
Age - Sex 0.718 1,3 0.41 
Age - Troop 0.460 1,3 0.50 
Sex-Troop 2.513 1,3 0.13 
3 -way interaction 
Age - Sex - Troop 0.253 1,1 0.62 

The results were similar for sugarcane, except for this task it is notable that there were 

more grips used and more variation between individuals. Both cylindrical and C3 

were commonly used to support the sugarcane stem, but also used were C2, whole 

hand grasp and round. When the four cylindrical grips were used, refer to figure 

3.13, the hand was placed along the cane, whilst round was restricted in use to when 

the individual held the sugarcane stem at one end with the fingers placed around the 

end of the stem. Sugarcane processing was similar to fruit in that the power grip was 

used to maintain the item while precision grips were used to clean the feeding area or 

remove items from the mouth. Once again the two precision grips were limited to 

pad to side and three jaw chuck, although this alternative was only used by one 

individual, BLove. But, unlike the situation with fruit there was a large amount of 
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idiosyncratic variation in grip usage, for example, the adult male BTwee used five 

power grips, AAlpha only one (refer to table 3.1). The juvenile female AWhijn used 

the same five power grips as BTwee (note they are from different troops) while the 

juvenile male, BPupa used only three. It would seem that the number of grips is not 

related to age or sex, but there are some interesting patterns. Consider the adult 

females in table 3.1, all five who eat sugarcane used the power grips cylindrical and 

C3, while this was not true for all the adult males. The juveniles also show an 

interesting pattern, the five individuals all use cylindrical, C3 and round. But any 

possible conclusion about manipulative capabilities is thwarted by the apparent 

variation in the other grips used for sugarcane, some use Q. others pad to side and 

so on. 

When considering the effects of the independent variables, age, sex and troop on grip 

choice for sugarcane the results for all three were non significant, refer to table 3.3. 

This is interesting as we might have expected to see and age/sex effect for a food 

which is potentially unwieldy to hold and manipulate, a factor which could have 

benefited adult males, having proportionately larger hands and more strength. This 

effect may have been reduced by the monkeys' location, for example, on the ground 

where the pressure to hold the sugarcane is removed. 

Table 3.3 A summary of ANOVA results for effects of the independent variables, age, 

sex and troop on grip choice for sugarcane. 

Source of Variation F ratio DF probability 
Age 1.707 1,3 0.22 
Sex 0.000 1,3 1.00 
Troop 0.248 1,3 0.63 
2-way Interaction 
Age - Sex 0.021 1,3 0.89 
Age - Troop 2.064 1,3 0.19 
Sex - Troop 0.018 1,3 0.90 
NOTE: Due to small sample sizes, some cells only contribute one score, therefore, 
there is not enough variance to analyse the higher order interactions. 



100 

Leaf shoot eating poses a problem for the monkey: the shoots may be some distance 

away from their sitting location and branches may have to be pulled into reach. Hook 

was a common grip used, and the context was either when the branch was above or 

below the individual and the animal had to pull it into reach. When leaf shoots were 

picked from a branch, the branch was not held at all or the other hand used a power 

grip to maintain contact (cylindrical, C3 or C2). It is interesting to note from table 

3.1, that while both male and female adults used all three power grips, the juveniles 

were limited to just cylindrical. 

As for fruit and cane, there was no effect of age, sex or troop on an individuals choice 

of grip, see table 3.4. 

Table 3.4 A summary of ANOVA results for effects of the independent variables, age, 
sex and troop on grip choice for leaf shoot processing. 

Source of Variation F ratio DF probability 
Age 0.005 1,3 0.95 
Sex 0.638 1,3 0.44 
Troop 1.587 1,3 0.24 
NOTE: Due to small sample sizes, some cells only contribute one score, therefore, 
there is not enough variance to analyse the higher order interactions. 

Throughout all the feeding bouts where termite fishing was observed the animals were 

only ever recorded using one single handed grip, pad to side. At times the monkeys 

did use a ballistic grab to catch the flying termites; however, in this study the action 

was recorded as a behavioural element rather than a specific grip type. Any 

subsequent manipulation of the termite, such as removing the wings was done using 

the pad to side grip. Pad to side was also used to pick termites off the ground. As a 

result no further analysis was conducted on this food group as all the individuals who 

ate termites used this grip only. The next section of this chapter, therefore, deals with 

just the leaf shoots, sugarcane and large fruit data categories. 
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Two handed symmetrical rips 

Table 3.5, shows the usage of grips involved in two handed symmetrical holding tasks 

for leaf shoots, sugarcane and large fruits. Out of 40 animals only two, the juveniles 

ALWhi and BMJ, were not recorded using two handed symmetrical grips. Once 

again the three cylindrical grips are represented for the three food types, leaf shoots, 

sugarcane and large fruit. Whole hand grasp was not recorded in this group, 

probably due to the problem of identifying it in the field and the preference of the 

monkeys to wrap the thumb over the object alongside the fingers, a consequence of 

having a short thumb in relation to long fingers. Spherical was again limited to large 

fruit for this type of task, as was round. Pad to side as a two handed grasp was not 

used in termite feeding but was used by 24 out of 40 animals across the three food 

types. 

The three jaw chuck and the two support grips, closed fist and platform, were used in 

the eating of large fruits. The symmetrical three jaw chuck was used in the eating of 

pieces too large to use the pad to side grip but too small to use a more substantial 

grasp. Closed fist was used to balance a hard fruit on the knuckles when force was 

required to open the fruit. Platform and the more common platform crossed were 

used on large floppy pieces of food, for instance the last pieces of flesh on a pawpaw 

skin, if held by the edges, the skin would have disintegrated but by supporting it with 

two flat hands then there is resistance for actions like scrape. 

Symmetrical grips were used in two different feeding situations for both fruit and 

sugarcane eating. A two handed symmetrical grip is presumably very strong and was 

used when the mouth was processing the food, either taking mouthfuls for ingesting, 

or peeling skin away with the teeth, or when the teeth were removing the hard outer 
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Table 3.5 Grip ty pes used in s ymmetrical hand types for four foods. Where F= Fruit 
S= sugarcane, L = leaf shoots , &I= termites 

Age Sex Cy C2 C3 Sp RO s 3J C1F Pl P1C Hook 
AAlpha A M S S F F S F F 
ABeta A M F F F 
AFour A M FSL L S F FSL S 
ASorrow A M L L 
AlEye A M F 
AWhisn A M L S F FL L 
BBrutus A M S F S F 
BTwee A M S F S 
BLegs A M FSL SL F F 
ABlin A Fe F F F 
ABug A Fe S F F F 
AWhiF A Fe F F 
AScar A Fe F 
ASF2 A Fe L L L F FL 
ASF3 A Fe F FL L 
ASF4 A Fe F F 
BAF A Fe S F F 
BLove A Fe S S 
BCheek A Fe S S F FS 
BBn A Fe L F F 
BRo A Fe S F 
BDif A Fe F F F 
BWin s A Fe F F 
APushy J M F 
ALSF2 J Fe F F 
AAIarm J Fe 
AWhijn J Fe FS S F FS 
AScrap J M F F 
ACutcy J Fe L 
ALWhi J Fe 
BPupa J M L S F FSL F 
BWingj J Fe S S F FS 
BV J M L F FL F F 
BMJ J M 
BFurry J Fe F F F 
AB1i J M F F 
AScuff J Fe L L 
BBi i M L F F 
BFi J M S S F F FS F F 
BLi J Fe S S F FS F 
KEY: Power Grips: 

Cy = Cylindrical 
C2 = Modified cylindrical (1) 
C3 = Modified cylindrical (2) 
Sp = Spherical 
RO = Round 
Hook = Hook 
Age 
A- Adult 
J- Juvenile 

Precision Grips: 
p-s = Pad to side 
3J = Three jaw chuck 
Sup port Grips: 
CIF = Closed fist 
P1= Platform 
P1C = Platform crossed 

Sex 
M- Male 
Fe - Female 
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casing of the sugarcane. For fruit eating the dominant power grip was spherical while 

sugarcane processing used cylindrical and C3, see table 3.5. The precision grips, pad 

to side and three jaw chuck (only in fruit) were used to hold small pieces of food 

found scattered on the ground which were too small to hold using a more powerful 

grip. Several animals also used some of the support grips when eating large fruit 

(table 3.5). This was usually when the fruit was nearly finished and the skin too large 

and flexible to be maintained in position by a power grip, instead the skins were 

supported across the whole hand either as a closed fist or as a platform grip. There 

was no effect of the independent variables on an individuals choice of grip for fruit 

eating. Choice of two handed symmetrical grips was not affected by any of these 

variables, refer to table 3.6 for the summary of results. 

Table 3.6 A summary of ANOVA results for effects of the independent variables, age 
sex and troop on grip choice for fruit eating. 

Source of Variation F ratio DF probability 
Age 0.325 1,3 0.57 
Sex 0.024 1,3 0.88 
Troop 0.127 1,3 0.72 
2-way Interaction 
Age - Sex 0.549 1,3 0.47 
Age - Troop 1.712 1,3 0.20 
Sex-Troop 0.106 1,3 0.75 
3 -way interaction 
Age - Sex - Troo 0.831 1, l 0.37 

Although fewer juveniles ate the more difficult sugarcane, for neither task was there 

any notable differences between the age groups for grip usage, refer to table 3.7 for a 

summary of the results. Neither sex nor troop membership affected grip choice. 
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Table 3.7 A summary of ANOVA results for effects of the independent variables, age, 
sex and troop on grip choice for sugarcane processing. 

Source of Variation F ratio DF probability 
Age 2.508 1,3 0.15 
Sex 0.663 1,3 0.44 
Troop 0.233 1,3 0.64 
2-way Interaction 
Age - Sex 0.404 1,3 0.54 
Age - Troop 0.233 1,3 0.64 
Sex-Troop 1.190 1,3 0.30 
NOTE: Due to small sample sizes, some cells only contribute one score, therefore, 
there is not enough variance to analyse the higher order interactions. 

The hook grip was used in leaf shoot processing, to maintain the branch position in a 

similar fashion to the cylindrical grips. The branches tended to be above the animal, 

requiring the animals to hold the branches down while food processing continued. 

Out of five two handed grips used to process leaf shoots the juveniles only used two 

of them, cylindrical and pad to side, but not C2, C3 and hook. The power grips were 

used to hold the branch firmly while the mouth bit leaf shoots straight off the branch. 

The two handed precision grip was used when small twigs had been removed from a 

branch and leaf shoots were taken straight into the mouth. There was no obvious 

reason why the juveniles would not use the three power grips mentioned above; C3 

was used by a number of animals for sugarcane processing, although not for leaf 

shoot eating. C2 was maybe less of a surprise as only one juvenile, AWhijn, used this 

for any of the food items. The hook grip was used by several juveniles as a single 

handed grip but not as a two handed grip. It maybe that the juveniles, being lighter 

could move closer to the leaf shoots without having to use their limited strength 

pulling them into range; unlike the adults who were restricted by their larger size in 

how close to the ends of branches they could go. For two handed symmetrical grips 

there was no overall effect of age, sex or troop membership affecting an individuals 

choice of grip, refer to table 3.8 for the summary of results. 
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Table 3.8 A summary of ANOVA results for effects of the independent variables, age 
sex and troop on grip choice for leaf shoot processing 

Source of Variation F ratio DF probability 
Age 0.001 1,3 0.97 
Sex 1.092 1,3 0.32 
Troop 2.448 1,3 0.15 
NOTE: Due to small sample sizes, some cells only contribute one score, therefore, 
there is not enough variance to analyse the higher order interactions. 

Asymmetrical Grips 

The final set of grips were the two handed asymmetrical combinations. Using the 

taxonomy of grips, figure 3.4, there is an enormous potential for asymmetrical 

combinations. However, on consultation with the data only 25 combinations, table 

3.9, were used for the three food types leaf shoots, large fruit and sugarcane. Fifteen 

out of the forty animals did not use asymmetrical grips at all, these animals were not 

confined to either age or gender groups, as shown in table 3.10: 

Table 3.10 Number of animals for two independent variables (age and gender) not 
using asymmetrical grasps 

ADULT JUVENILE 

MALE 2 4 

FEMALE 5 4 

The grip combinations in this category were more obviously food specific than in the 

previous two tables. For instance sugarcane accounts for nine grip combinations and 

large fruit accounted for eight, refer to table 3.11, while only 5 are common to more 

than one food item. The one grip that was common to all three food types was the 

power-precision grip cylindrical pad to side. Sugarcane processing was responsible 

for over half of the combinations used at 58%, the eating of large fruits accounting 
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for 36% of the combinations, with leaf shoots only accounting for 6% of the grips 

used. 

Table 3.11 The number of grip combinations restricted to food types. 

Leaf Shoots only Sugarcane only Large fruit only 2 food tyWs 3 food s 
2 9 8 4 1 

It would appear, therefore, that at this level the grips become more food specific. 

Eight of the combinations (spherical - cylindrical, round - C2, C2 - hook, hook - pad 

to side, cylindrical - platform, C3 -foot, and closed f st - platform) were only used by 

single animals. 

The most interesting aspect of the asymmetrical data is that for 23 out of the 25 

combinations a power grip was involved (refer to the key of table 3.9). While there 

were power - power, power - support and power - precision combinations there were 

no recorded precision - precision grips (although referring back to table 3.5, both pad 

to side and three jaw chuck were used as symmetrical two handed grips). There was 

only one combination of support grips, the closed fist - platform pair. These 

combinations were not limited to any one age group or gender with a wide range of 

animals incorporating these grips into their handling of food items, see table 3.9. 

The asymmetrical pattern of grips showed more idiosyncratic variation than the other 

two sets so far considered. The most striking feature of table 3.3 is how many adults, 

particularly the males, use asymmetrical grips in comparison to the juveniles. In 

actual fact if the number of times the same individual uses a different combination is 

ignored, the numbers are fairly similar; that is, 7 out of 9 adult males use at least one 

combination in comparison to 9 out of 14 adult females, 5 out of 8 juvenile males and 

4 out of 9 juvenile females. The difference is that males use far more combinations 
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groups of the hierarchy in order to reduce the information into a more manageable 

form. Fruit eating may well require so many different types of grips as the nature of 

the fruit changes so drastically during processing. A whole fruit such as a pawpaw is 

a heavy and large item requiring a lot of strength to hold it in position. Power - 

power combinations were only used by three animals and this may be because the 

most effective grip is the two handed symmetrical grip for holding a large round 

object. However, as the processing continues pieces of skin and debris may result in 

the animal having to hold the fruit asymmetrically in order to maintain the position of 

the fruit. Support grip combinations are needed when the fruit becomes more skin 

than flesh and the benefit of using one hand to support the fruit may provide the 

individual with greater resistance for actions such as scrape. 

Table 3.13 The number of different asymmetrical power/precision/support 

combinations for the three feeding tasks. 

Task Power - 
Power 

Power - 
Precision 

Power - 
Support 

Precision 

- Support 
Support - 
Su port 

Fruit 2 4 3 2 1 
Sugarcane 6 5 2 0 0 
Leaf shoots 1 4 0 0 0 

Overall the same number of combinations were used to process sugarcane and fruit. 

However, for sugarcane there was a notable skew towards power-power 

combinations, refer to table 3.13. The sugarcane was the most difficult food the 

monkeys had to process involving the removal of a tough outer casing and the 

ingestion of fibrous pith. Unlike fruit, the nature of the food did not drastically 

change during processing, at all times the monkeys had to cope with a large and 

unwieldy cylindrical item. The difficulties of processing the food item may well have 

forced the monkeys into using power grips. Three of the combinations involve 

cylindrical grips while three combine a cylindrical with a round grip, where the round 

grip was located at the end of the cane as mentioned above. Juvenile vervets did use 
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several combinations in processing cane but there was not the variety of combinations 

seen in the adults. 

The effect of age and sex was not seen for the comparable analysis of grips used to 

process sugarcane. Refer to the summary table of results, table 3.14. This is perhaps 

surprising considering the problems associated with sugarcane eating. It may be that 

the inflexible nature of the food forced the monkeys to use a certain set of grips. 

Table 3.14 A summary of ANOVA results for effects of the independent variables, 

age, sex and troop on grip choice for sugarcane processing. 

Source of Variation F ratio DF robabilit 
Age 0.850 1,3 0.38 
Sex 0.103 1,3 0.76 
Troop 0.167 1,3 0.69 
2-way Interaction 
Age - Sex 0.163 1,3 0.70 
Age - Troop 0.092 1,3 0.77 
Sex - Troop 0.095 1,3 0.77 
NOTE: Due to small sample sizes, some cells only contribute one score, therefore, 
there is not enough variance to analyse the higher order interactions. 

Leaf shoot eating did not seem to require the same variety of asymmetrical 

combinations, refer to table 3.9 and 3.14. With only five combinations used by five 

animals (one animal did use more than one combination, ASF2) it would seem that 

symmetrical grips and single handed grips are more suitable for leaf shoot eating. 

There was no effect of age, sex or troop membership on an individuals choice of grip 

when processing leaf shoots, refer to the summary results table 3.15. 
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Table 3.15 A summary of ANOVA results for effects of the independent variables, 

age, sex and troop on grip choice for leaf shoot processing. 

Source of Variation F ratio DF probability 
Age 0.267 1,3 0.62 
Sex 0.099 1,3 0.76 
Troop 0.021 1,3 0.89 
2-way Interaction 
Age - Sex 0.017 1,3 0.90 
Age - Troop 0.279 1,3 0.61 
Sex - Troop 0.570 1,3 0.47 
NOTE: Due to small sample sizes, some cells only contribute one score, therefore, 
there is not enough variance to analyse the higher order interactions. 

In summary, some of the grips were used for one task and some were used in a 

variety of tasks. Within a task there appeared to be a high degree of individual 

idiosyncrasy. There were some grips which were not used at all by the monkeys for 

the four food tasks, these were squeeze, disc, five jaw chuck, tip to tip, tip to pad, 

pad to pad and digitopalmar, refer to figure 3.13. It may be that the tasks involved 

did not require the animal to use the grip, or the animals were not physically capable 

of doing so. 

Aspects of Cercopithecine Morphology 

In order to understand the manipulatory capabilities of primates it is necessary to have 

an appreciation of the functional morphology of the hand. Due to its very generalised 

nature the human hand is invariably used as the model in describing morphology. 

Also due to the extensive studies on the hand by surgeons and human anatomists it is 

the most understood. The human hand is only used in manipulative tasks, whereas 

considering the monkey/ape hand the problem of understanding functional 

morphology is exacerbated by the restrictions that their particular forms of 

locomotion impose on the form of the hand. As a result any consideration of primate 

manipulation must take this into account. Unfortunately the morphological literature 
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is very difficult to follow due to its technical nature so only those features of anatomy 

which may be linked to constraints on monkey manipulation capabilities have been 

considered here. 

Vervets, as would be expected of a semi-arboreal, semi-terrestrial species, have a 

generalised limb. They are characterised by having long hands and fingers and a 

comparatively short thumb (Napier and Napier 1967), allowing branches of varying 

thickness to be held. Monkeys use their hands in arboreal and terrestrial quadrupedal 

palmigrade climbing, running and leaping, and in grooming, feeding, and the 

investigation of objects. Body weight is supported by the palmar aspect of the hand 

resulting in the wrist combining stability for weight support and enough mobility for 

the hand to assume a variety of postures on the branches (Marzke 1971). There are 

no reports suggesting that the vervet has any anatomical features correlated to feeding 

behaviour, as one might expect for a generalised feeder; they are non specialist food 

eaters, consuming leaves, fruit, seeds and insects. It is this trade-off between 

locomotion and manipulation which may account for the patterns of grip use 

described above. 

Four features of cercopithecine morphology will be considered here and related to 

their ability to perform certain grips. The first feature concerns the length of the 

thumb. Unlike the prosimians and platyrrhine monkeys, catarrhines have an 

opposable thumb and an index finger which possess a considerable degree of 

independent movement. This enables the hand to bring together the index finger and 

thumb into a precision grip - used in this study by all the animals for a variety of tasks 

(pad to side). However the precision grip is not as functionally effective as it is in 

man (Napier 1971), this too was reflected in the data. It is not surprising that the 

monkeys did not demonstrate precision grips such as pad to pad, as this requires that 

the thumb and index finger should be compatible in their proportions - as in the case 

of humans, long in the thumb and short in the fingers. However, the photograph of 
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the vervet hand, figure 3.5, clearly shows that the vervet monkey has relatively long 

fingers and a short thumb, making it difficult to achieve this grip. The proportion 

between the length of the thumb and index finger can be quantified using an 

opposability index, calculated as 

0.1. = 
thumb. length x 100 

index. ray. length 

Effectively it measures the extent to which an animal can oppose its thumb. The 

opposability index of man is 65, for terrestrial geladas and baboons the figures are 70 

and 60 respectively and for the arboreal quadrupeds who have distinctly longer hands, 

Cercopithecus has an I. O. of 53 and Macaw of 54 (Maier 1993). In this case 

cercopithecines have reduced manipulative capabilities but their hands are better able 

to grasp branches with their long fingers unimpeded by a long thumb. 

It is agreed throughout the literature that only humans can perform the pad to pad 

precision grip, as it requires flexibility in the joint area that no non-human primate is 

capable of and a highly opposable thumb. There is another aspect of primate finger 

morphology which affects an animal's ability to use precision grips effectively. The 

broad apical tufts of the fingertips and associated fleshy pads provides humans with an 

adhesive surface capable of holding objects tightly and securely (Shrewsbury and 

Sonek 1986). In the non-human primates the apical bone tufts taper to a point, 

therefore there is no broad surface in which to nest an item (Susman 1979), 

presumably making any precision grip less secure. This lack of stability in the finger 

pads would have an effect for the tip to tip and tip to pad grips that monkeys are 

potentially capable of using. In the data presented here, pad to side was the only 

precision grip used and it may be that for the monkeys this is the most secure 

precision grip. The side of the finger offers a firm surface on which to grip an object 

with the thumb, this is potentially a stronger grip than can be achieved by using the 
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finger tips as suggested above. Rather than risk dropping a potential food item with 

an insecure grip, the monkeys may be using the best alternative available to them. 

The third feature concerns the knuckle joints or metacarpophalangeal joints. The 

knuckle joints of the fingers in Cercopithecoidea are specialised to bear pressure and 

friction during palmigrade locomotion. This adaptation to locomotion restricts 

abduction and adduction of the fingers. In contrast apes and human have loose 

knuckle joints which allows free movement of the fingers. This has implications for 

the use of power grips, notably spherical and squeeze grips. When man holds a 

cylindrical object his grasp is secured by bringing the fingers together (adduction) and 

rotating the fourth and fifth fingers at the knuckle joint, this is the description of the 

squeeze grip, one that is morphologically impossible for the vervet monkey who does 

not possess the necessary mobility in the knuckle joints. This is another example 

where being adapted to a form of locomotion reduces manipulative capabilities. 

The fourth feature concerns the mobility of the wrist joint at the hamate. The hamate 

is the wrist bone which moves against the fifth metacarpal - the bone in the palm 

which links the wrist to the little finger. In humans this bone is the shape of a saddle 

which allows rotation of the palm. But in non-human primates this bone is in the 

shape of a slope which does allow flexion and extension but does not allow any 

rotation. Rotation in this area of the hand is important for the disc power grip, and 

the five jaw chuck precision grip, where the little finger has to extend across the palm 

and for any pincer grip which may involve the thumb and little finger. Thus, it may be 

morphologically impossible for the monkeys to use these particular grips. 

In summary then it appears that the reason why some of the definitions provided in 

the ape and human literature proved inadequate in this study was because vervet 

monkeys do not have the functional morphology necessary to perform them. Out of 

the 13 grips provided in the literature, four of them can be ruled out as being 
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inappropriate for a cercopithecine study on manipulation skills: the squeeze grip, the 

disc grip, the five jaw chuck and pad to pad precision grip. Also the precision grips, 

unlike in humans, are restricted to the use of thumb and index finger (and possibly 

digit 3) due to the short length of the thumb. On consultation with the summary 

diagram, figure 3.13, it is clear that the four grip types mentioned above were not 

used by any of the monkeys in the four tasks studied; the four grips mentioned here 

have been highlighted with an asterisk while the grips actually used by the monkeys 

have been highlighted in bold. 

Conclusions 

The monkeys in this study used a variety of grips in the manipulation of four different 

food items. The variation appeared in the usage of single handed power grips, 

symmetrical power and support grips and in the asymmetrical grip combinations. 

Individual idiosyncrasy was a notable feature of the distribution, although any firm 

conclusions are not possible due to the known effects of sample size (see table 2.6). 

The definitions provided in the literature proved to be inadequate to explain the vervet 

monkey's hand usage. This was because the literature is biased towards studies on 

human and ape manual function and evolution (Napier 1960,1961; Malek 1981 and 

Aiello and Dean 1990). New definitions were added to cope with the differing grasps 

used by the monkeys, the principal area being the use of power grips, specifically the 

cylindrical grips. Within the literature these were the squeeze grip and whole hand 

grasp but here this category was extended to include two grips in which the thumb 

was not adducted against the fingers, rather it was bent alongside the fingers, counter 

pressure being applied by the substrate or the other hand. No other new definitions 

were required at the detailed level but another problem arose not previously 

encountered in other manipulation studies, that of identifying grips in the field. 
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All the previous work on grips, with the exception of Boesch and Boesch (1993) who 

considered hand orientation in relation to nut cracking behaviour in wild chimpanzees 

and Byrne and Byrne (1993) who looked at detailed food processing by mountain 

gorillas, has been conducted in the laboratory setting. The behavioural studies were 

restrictive, the captive animals cannot be considered to have the same repertoire of 

manipulatory experience as wild populations. In the field, perfect observational 

conditions are rare and as a result the grip types cannot always be identified at the 

most detailed level. To cope with the problems of often poor view and the speed of 

the small vervet hand, the grip definitions were placed within a hierarchy where the 

definitions were grouped into broader categories. This reduced any possible loss of 

information on what the monkeys were doing. 

The next step was to return to the data for the four food types; termites, leaf shoots,. 

sugarcane and large fruits, and discover exactly which grips they did use. The number 

of grips used was, perhaps, surprisingly low with only ten single handed grips, eleven 

two handed symmetrical and 26 two handed asymmetrical grips used across the food 

groups. Within the data sets individual variation was highly idiosyncratic, some 

animals used many grips while others only a few, although there was an effect of 

sample size, more data may have resulted in every individual using the same grips for 

each task considered. From the tables 3.1,3.5 and 3.9 there was no obvious pattern 

in the animals choice of grip type within a task. 

One might have expected the monkeys to use more grips, especially precision grips of 

which they only used two, the pad to side and three jaw chuck grips. Precision grips 

have the most number of variations described within the literature. The lack of 

precision grips may be linked to the food items themselves, three of which were large, 

possibly limiting the monkeys to power grips in order to handle them. Another 

consideration was that unlike the laboratory experiments where objects were placed 

on flat surfaces, the food items were often attached to the substrate, for example leaf 
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shoots. In this situation the monkeys had the choice to bite the desired piece directly 

off the substrate rather than handle the item, so by-passing much of the need for 

precision grips. The most common precision grip used by the monkeys was the pad 

to side grip, but Christel found that a tip to tip grip was actually more common in her 

laboratory experiments on non-human primates (1994), except for the case of a 

mangabey who preferred the pad to side grip, a grip not seen in the other 

cercopithecoids of her group. Christel (1993) noted that chimpanzees used thumb tip 

to index finger tip in preference to other precision grips, and that this grip was 

possible for the old world monkeys. The tip to tip strategy requires a high degree of 

visual control, the chimpanzee positioned his head close to the surface of the substrate 

while picking the object up, but when prolonged visual control was not used then the 

preference was to use the thumb tip to radial aspect of the index finger (or pad to 

side). Pad to side was the precision grip employed in all four food items by the 

monkeys, never were the monkeys seen to place their heads close to the object being 

manipulated, their actions were fast and often accompanied by other behaviours 

associated with living in a large social group, such as scanning and displays of 

aggression. This would agree with Christel's findings where a social context 

influenced the type of precision grip used. 

Some of the grip types used were dependent on the nature of the food item, for 

example spherical was used only in the context of large round fruit while for any 

number of items other grips were employed, typically the broader definitions such as 

cylindrical and round. Some grips were only recorded for individual animals, but this 

may have been a result of the observational conditions. Asymmetrical two handed 

grips were dominated by the power - power combinations, possibly due to the sizes of 

the food items, both large fruit and sugarcane were difficult objects for the monkeys 

to handle being relatively large in relation to the monkeys. This problem was 

somewhat alleviated if the item was on the ground, though the animal ran a high risk 

of being displaced. In this case it was safer to take the item into the trees, at the 
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expense of a dramatic increase in handling problems, requiring stronger grips to 

maintain the item in the tree. It was also possible that the food items themselves were 

difficult to process and as such required a greater force to be applied to them, 

reflected in the use of more power grips. The issue of the behavioural elements used 

to process the food items will be considered further in this thesis. 

Of the three studies considered in the review only one provided any information 

comparable to the study described in this chapter. The New World monkey, Cebus, 

in Costello and Fragaszy's report (1988) appeared to be far more dextrous than the 

vervet monkey. The task in the study was to retrieve a food item, either a raisin or 

dry cereal, the variation in the task was provided by the animal having to reach around 

or toward a variety of surfaces, for example, a groove, a barrier or a disc which could 

be rotated to represent a moving object. The tasks performed by the vervets in this 

study were very different. Termite catching was probably the most similar task to the 

Costello and Fragaszy experiment. The vervets only used one grasp as far as I could 

see, a pad to side grip. As previously discussed the pad to side grip may give the 

vervet monkey the best possible grip in which to be sure of successfully picking an 

object up. The three other tasks all involved two handed manipulations which may 

have limited the types of precision grips the vervets could use. To consider whether 

two different species have similar manipulative skills it would appear that the 

comparisons should either be made across similar laboratory based tasks or 

manipulatory skills performed in their natural environment - something that is totally 

lacking in the monkey literature. 

There is another issue to be considered when discussing an animal's ability to perform 

certain actions, the anatomy of the Old World monkey hand. Unfortunately the 

literature in this area, although fairly extensive for the hominoidea, is very limited for 

Old World monkeys. Any extensive studies that have been conducted, for example 

Lewis (1989), still concentrate on the ape structure, while even less has been done on 
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the capabilities of the limb in relation to movement and possible grips. Despite the 

distinct lack of literature concerning the morphological aspects of monkey hands and 

arms in relation to manipulative capabilities, several features were found to have 

affected their use of grips in this study. Both power grips and precision grips rely on 

the opposability of the thumb, a problem exacerbated in the vervet monkey whose 

hand is adapted for an arboreal existence and whose fingers are elongated in relation 

to the thumb. The definitions of one of the power grips (whole hand grasp) had to be 

extended to include two new variants of power grips, described here as C2 and C3. 

Presumably the monkeys found it easier to use the substrate and their other hand as 

the opposing force rather than their short weak thumb. The thumb also affects the 

ability to perform precision grips. Maier (1993) reports that Macaw and 

Cercopithecus, as arboreal quadrupeds, have distinctly longer hands (0.1.54 and 53 

respectively) whereas the terrestrial geladas and baboons have an O. I. of 70 and 60 

respectively. All Old World monkeys have an opposable thumb, but the thumb index 

finger precision grip can be imperfect due to the relative disproportion of the digits. 

In the arboreal monkeys long hands would appear favourable for grasping branches of 

varying sizes (Maier 1993) while the gelada requires a longer thumb and shorter 

fingers (hence it has the highest O. I. among the non-human primates) as it depends 

upon grazing for much of its diet, requiring an effective precision grip to make this a 

viable food option (Jablonski 1986). Christel (1993) notes that despite having 

different thumb - forefinger index, both gorillas and orangutans applied a high rate of 

precise grasping with the tip of the thumb and the index finger (the gorilla had a high 

O. I. of 48, the orangutan a comparatively low O. I. of 39, from Napier and Napier 

1967). Therefore a low O. I. does not necessarily prevent an animal using a grip type. 

The hands of non-human primates are a morphological compromise between 

locomotor and manipulative functions. This dual function of the non-human primate 

hand is reflected in the proportions of the digits and also in the detailed morphology 

of the individual bones and their joint surfaces. In the majority of anatomical studies 
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the emphasis has been placed on the locomotor functions of the hand, while the 

manipulative functions have been neglected. But a cautionary note, the anatomical 

data should be considered with some scepticism as most studies used few animals and 

all were long term captives. 

Considering the grips in this way allows one to see the types of grip used, while 

anatomical studies provided possible reasons for why some grips were or were not 

used, but it does not facilitate individual comparison of animals. In the study 

presented here not all the animals ate the same food so it is hardly surprising that 

some animals appear to use very few grips while others appeared to use many. Even 

within a task the variation appeared to be highly idiosyncratic. The tables were too 

cumbersome to look at potential independent variables such as the influence of age, 

sex or troop membership as possible explanations for the individual idiosyncrasy. To 

look at individual similarity within a task a different method was required which 

would allow comparison of individuals within a task and give a pictorial 

representation of the results. Cluster analysis was considered to be the most 

appropriate method to gain a clear view on this issue as it presents the data in the 

form of a dendrogram; the intercorrelations on which it is based can be analysed for 

patterns within the data. This more detailed level of analysis has been presented in the 

next chapter, where grip types have been used to assess individual similarity in grip 

usage. The independent variables of sex, age, troop membership and relatedness have 

been used in an attempt to explain any variation in grip usage. 
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Chapter 4 

Individual Variation In Grip Usage 

Introduction 

Virtually every study conducted on the manipulative skills of non-human primate 

species has concentrated on the type of grips used and paid no attention to the 

situations in which particular grips are used. Several studies which do consider grip 

usage at its most detailed level report finding high levels of idiosyncrasy in grip types 

used but do not quantify the idiosyncrasy (Costello and Fragaszy 1988, for Cebus and 

Saimiri; Byrne and Byrne 1991, for mountain gorillas; Christel 1993, for a variety of 

apes; and Christel 1994 for a variety of apes and monkeys). 

Together with the literature on grip definitions and those described for the first time in 

this study, there were a wide variety of grips used in the processing of leaf shoots, 

sugarcane and fruit, presented in chapter 3. The preliminary findings presented in 

chapter 3 suggested that the animals were showing a high degree of idiosyncrasy, but 

it was not possible to establish how similar or how different the animals were being in 

their use of grips, although any firm conclusions are not possible because of the 

known effects of sample size. In the last chapter the grips were considered as 

belonging to one of three groups; single handed, symmetrical two handed and 

asymmetrical two handed. In this chapter I will consider grip similarity in the context 

of the food being processed, rather than the type of grip being used. After 

consultation with a statistician, Dr A. Gordon at the University of St Andrews, cluster 

analysis presented in the form of dendrograms was considered the most appropriate 

method to assess similarity of grip usage. Categorical data was used in the analysis. 

To determine if frequency data used in cluster analysis would have been more 
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appropriate, a frequency generated cluster analysis is included for the sugarcane data 

and the consistency between the two types of data evaluated. 

I will attempt to explain the clustering of individuals using both the grip data and then 

any possible influence by the four independent variables: gender, age, troop 

membership and the degree of relatedness of the individuals. 

Creating the Dendrograms: 

Cluster analysis was chosen as the initial method to discover patterns of similarity 

among individuals in their use of grips. All the information provided in tables 3.1 

(single handed grips used), 3.2 (two handed symmetrical grips used) and 3.3 

(asymmetrical grips used) were used in this analysis. Instead of looking at the types 

of grips used, the data was now organised into the grips used to process the three 

foods: leaf shoots, sugarcane and fruit. The information from the three tables of grips 

was added together for each food type. Then the animals were scored using the 

binary system, 1 if they used the grip, 0 if they did not, for each food type. For the 

number of grip types used for each of the food groups refer to table 4.1. 

Table 4.1 Table to show the relative numbers of grip types used to calculate 
individual similarity. 

1 handed grips 2 hand sym. grips 2 hand asym. grips Totals 

Leaf shoots (n = 13) 6 5 5 16 

Sugarcane (n = 16) 6 4 13 25 

Large fruit (n = 34) 7 8 12 28 

The data was run through a cluster analysis (CLUSTAN, D. Wishart 1987) to produce 

a dendrogram for each food type. Cluster analysis required instructions on which 

coefficient to use to specify the similarity criterion. After consultation with Alan 

Gordon, a statistician at the University of St Andrews, the Jaccard's Coefficient was 
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used. This is best explained using an example (taken from Wishart 1987); the 

conventions for coding binary data, 1 for present 0 for absent, were used to compile a 
2X2 frequency table for any 2 cases i and k as follows: 

case k 

10 

case i1AB 

2CD 

The cell counts in the above table were defined as: 
A The number of attributes common to cases i and k. 
B The number of attributes present in case i, absent in case k. 
C The number of attributes present in case k, absent in case i. 
D The number of attributes absent in cases i and k. 

(taken from Wishart 1987) 

Where Jaccard's measure is calculated as: 

A 
Jaccard's coefficient = A+B+C 

Negative matches were ignored (i. e. D in the case above). Using this equation a 
N(N -1) similarity matrix is produced which is a triangular array of 2 coefficients, 

each element of which measures the similarity between two cases, for example: 

Table 4.2 A sample of a coefficient matrix, where scores have been calculated for 

similarity between pairs of animals for the grips used to process leaf shoots (for the 

complete table, go to table 4.4) 

AFour ASorrow AWhisn BLegs BPupa BV BBi 
AFour 1.000 
ASorrow 0.500 1.000 
AWhisn 0.364 0.667 1.000 
BLegs 0.333 0.375 0.222 1.000 

BPupa 0.455 0.833 0.571 0.333 1.000 
BV 0.455 0.833 0.571 0.333 0.714 1.000 
BBi 0.400 0.800 0.500 0.429 0.667 0.667 1.000 
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The cluster analysis then forms clusters by hierarchical agglomeration. Initially there 

are n single clusters; at each stage in the clustering process a pair of clusters is 

amalgamated; the method then combines the similarity scores for these. Average link 

was used in preference to other options as it has a theoretical advantage over single 

and complete linkage in that it takes account of cluster structure in measuring the 

similarity between clusters (Wishart 1987). The method of linkage worked by starting 

with the most similar pair and then linking in the next most similar pair until all the 

individuals were in one cluster with similarity x. If the similarity at which a section of 

the tree was taken was decreased then the most that could happen is that clusters of a 

higher similarity come together to form larger clusters (of lower similarity); in this 

respect the dendrograms were considered to be hierarchical (Morgan et al. 1974). 

To create the frequency cluster diagram for sugarcane, the spread of transitional 

probability values for each variable was considered. Where the range of values across 

subjects was greater than 0.20 transitional probability, the variable was split into a 

high score variable and a low score variable. The binary coding system was then used 

as before. For example, an individual who used the grip symmetrical C3 at 

transitional probability 0.65 was scored as: 

Variable Coding 

2C3 < 0.40 0 

20 > 0.40 1 

Across the three food types, leaf shoots, sugarcane and fruit, the range of transitional 

probability scores was low. There were only four grip types for sugarcane where 

there was a spread in transitional probability scores greater than 0.20. 
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Interpreting the Dendrograms: 

All four dendrograms had a limit within the computer programme of 10 possible 

clusters but when calculated none required this amount; all were computed to 9 

clusters. 

Morgan et al. (1974) noted that it was possible to take sections of the dendrogram at 

various similarities and examine the clustering that resulted, but it was the 

dendrogram itself which was the representation of similarity. An important point to 

remember about these diagrams is that the linkage system used was one of averages, 

so it is not possible to tell whether, to use the most simple of examples, 

the linking of X with Y and Z was due to X and/or W being similar to Y or to both Y 

and Z. Thus the gain in simplicity of representation of the dendrogram is at the 

expense of loss of some information. 

However, this technique was employed because it is simple to apply and understand, 

as well as providing a very useful method of reducing and filtering the original data to 

produce a pictorial representation. 

WXYZ 
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How similar were the grip tvpes used? 

The food type, termites, has not been considered in this analysis as all the monkeys 

used only one grip, pad to side, to process the insects. The other three foods, leaf 

shoot, sugarcane and large fruit, all required multiple grips in their processing. The 

data from all three categories of grips; single handed grips, two handed symmetrical 

grips and two handed asymmetrical grips were included for each animal for each food 

type (the full list of which grips were used by each animal have been presented in 

chapter 3). 

Similarity of Grips Used to Process Leaf Shoots: 

The first set of results to be considered will be for leaf shoots. The results of the 

cluster analysis for leaf shoot eating has been presented in the form of a dendrogram, 

figure 4.1. The dendrogram represents the similarity of the individuals but it is 

possible to consider the different clusters at varying levels of similarity. 

The dendrogram for leaf shoots shows a core group of individuals (ASorrow to BBi) 

linked at high similarities surrounded by six individuals who link in at decreasing 

similarities. To explain why this central cluster might exist it is necessary to return to 

the tables 3.1,3.2 and 3.3 to discover which grips they had in common. The core 

group of seven animals all share the use of three grips, cylindrical, pad to side and 2 

handed cylindrical. Five animals use hook, four use 2 handed pad to side and two of 

the group used other grips as well. These seven animal used a combination of these 

grips to process leaf shoots. The other individuals who link in to the diagram at lower 

similarity did use some of the core grips mentioned but they also used many others or 

alternatively very few. For example, AScar at similarity 0.430 only used two grips, 

cylindrical and pad to side but BLegs used six grips, only three of which were 

common to the core group. The pair, AFour and ASF2 are quite similar to one 
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another, at similarity 0.696 but very different to the other animals. They used nine 

grips in common with each other. 

The grips used by the animals were used as the measure to create the dendrogram. 

The next question to be considered was what factors may have influenced the 

monkeys to use those particular grips in the first place. The group "leaf shoots" was 

made up of several species of tree and shrub, refer to table 2.2. It may be that the 

different species required different grips to process them, something that was not 

detectable at the data collection stage, where species of food were only clumped 

together if they were processed using the same sequences of elements. However, grip 

type was only part of the detail of the element and as such may not have had an effect 

on the actual behavioural sequence but species variation may have occurred at this 

most detailed of levels. For each animal in this data set the number of bouts eating 

each different species of leaves was calculated and then compared to the distribution 

of animals within the dendrogram, table 4.3, the animals have been listed in the same 

sequence as the dendrogram for clarity: 

The core group animals were ASorrow to BBi, these seven animals ate just three 

species of leaf shoots, Shinus, Morus and Rhus, table 4.3. AWhisn eats just two 

species of leaves, Rhus in common with all the other individuals and pawpaw leaves, 

ASF2 was the only other animal to eat these leaves. AScar also eats Rhus along with 

Dalbergia, common to AFour and ASF2, while BLegs eats the principle three 

species, Shinus, Morus and Rhus. ASF3 eats two of the three, Shinus and Morus. 

From table 4.3 there does appear to be a slight pattern with the core group of 

individuals eating only from three species while four of the less similar animals eat 

from more species of plant. The two animals at the lowest similarity do not fit in with 

the picture presented here, they eat the principle species and yet they are not as similar 
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Table 4.3 Showing the number of bouts recorded for the leaf shoot species eaten by 

the animals (Listed in the same sequence as figure 4.1) 

Number of bouts for five species of nlant 
Dalbergia Shinus Morus Rhus Pawpaw 

AFour 1 4 2 1 
ASF2 1 2 1 1 3 
ASorrow 1 1 2 
BPupa 1 1 3 
BV 2 4 
AScuff 1 2 
BBn 1 
ACutey 6 3 
BBi 1 2 
AWhisn 4 1 
AScar 1 1 
BLegs 1 1 2 
ASF3 1 1 

to the other animals as the animals who eat Dalbergia are. The two individuals, 

AFour and ASF2 who used the largest number of grip variants, were the only animals 

recorded eating the plant leaves, Dalbergia obouata. The processing of Dalbergia 

obouata is different to that of other leaf shoots eating, unlike the more commonly 

eaten Rhus leaves, they were not just picked off the branch and popped in the mouth. 

Rather they were picked and then processed in the hand before being eaten, a factor 

which may well have resulted in the higher number of grips recorded for these two 

animals. 

Four independent variables were considered in relation to the question of why some 

animals were more similar in their use of grip types than others. Unfortunately there 

is no program, as yet, which can statistically analyse the cluster groups within a 

dendrogram. The similarity coefficient scores are non-independent and as such it is 

not possible to test for statistical significance. Although cluster analysis is a well 

documented method for analysing data the programmers seem to have neglected this 

area of the test. As a result the distributions of the coefficient scores can be 

considered but their significance cannot be ratified. 
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The effect of gender on grip choice 

The first to be considered was a possible gender effect. From the dendrogram, figure 

4.1 (refer to key for identification of male/female status) there were no obvious 

male/female groupings, the 7 males and 6 females appeared to be spread throughout 

the diagram. However the dendrogram was created using average linkages, as 

explained before, and as a result any effect may have been muted by the chaining 

process. To circumvent this problem the similarity coefficient scores for each pair 

were consulted. If the choice of grip was in some way linked to gender then one 

might expect the male-male and female-female pairings to have higher similarity 

coefficient scores than male-female pairings. The coefficient matrix was organised to 

create three blocks, one containing all the male-male scores, one for female-female 

scores and one for male-female scores, the matrix provided the coefficient score for 

each pair within the data set, refer to table 4.4. The pale shading indicates those 

values with a similarity coefficient of less than 0.333 while the darker shading 

indicates those above the similarity coefficient of 0.666. These two values were 

chosen because they represent the bottom and top 25% of the similarity scores within 

the coefficient matrix. To compare the distribution of values a cut off point was 

needed that would provide equal numbers of high and low scores. The two values 

chosen appeared to best represent the cut off between scoring a high coefficient and a 

low coefficient, the middle 50% representing those in the middle of the range, who 

showed neither high or low similarities. In table 4.4 both high and low figures 

appeared to be spread throughout the table, regardless of whether the block was one 

sex or both, suggesting there was no gender effect. When the proportions of high to 

low scores was calculated for each block there did appear to be a slight trend towards 

high scores between males and low scores between females, see figure 4.2 
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Figure 4.2 A histogram showing the proportions of high to low scores within the 

three groups for gender, male to male, male to female and female to female 

0.6 
0.5 

0.4 

proportion 0.3 

0.2 

0.1 

This pattern of low female to female scores is not what would be expected if there 

was a gender effect, in which case the expected pattern would be high scores in the 

male to male and/or female to female group. Nothing in the data could be used to 

explain this effect. 

The effect of age on grip choice 

The next independent variable to be considered was the effect of age on grips used. 

This independent variable may have had an effect on an individuals choice of grip as 

all five juveniles were within the main cluster (BPupa, By, AScuff, ACutey and BBi) 

at similarity 0.647, refer to figure 4.1. Once again the coefficient scores were 

consulted, this time the coefficient matrix was divided into an adult-adult block, a 

juvenile juvenile block and an adult juvenile block, see table 4.5. The light shading is 

for those scores below 0.334 and the darker shading above 0.666. From 

o- 
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female female 
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the pattern of the shading it can be seen that the adult-adult block only has three high 

figures (11% of the block) while there were thirteen out of twenty three low scores 

(46% of the block) in this block. The adult juvenile block is more even with eight out 

of 40 scores high (20% of the block), 10 low (25% of the block) and the rest in the 

middle third. But in the juvenile juvenile block eight out of the ten scores are higher 

than 0.666 (90% of the block). These figures can be better represented in the form of 

a histogram, refer to figure 4.3. 

Figure 4.3 A histogram showing the proportions of high to low scores within the 

three groups for age, adult to adult, adult to juvenile and juvenile to juvenile. 
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It would seem that while there is no effect on grip choice from the adult perspective 

there is an effect if the animal was a juvenile. This may be a function of their lack of 

dexterity: this group were limited to the main five grips (cylindrical, pad to side, 

hook, 2 hand cylindrical and 2 hand pad to side), while most adults also used 

asymmetrical grasps. The adults having larger and presumably more powerful hands 

would be more adept at these grips by comparison with the juveniles. 

The effect of troop membership on grip choice 

The data for leaf shoots were amalgamated from both A and B troop, this may have 

had an effect on an individual's choice of grip. The eight members of A troop appear 

to be fairly evenly spread between the five members of B troop, refer to figure 4.1 for 

adult- adult- juvenile- 

adult juvenile juvenile 
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their distribution. The similarity coefficients reflect the lack of troop effect, again the 

shading is light for values less than 0.333 and dark for values higher than 0.666, table 

4.6. Within the block A troop-A troop there were 10 low scores (36% of the block) 

with only 4 high scores (14% of the block), while the B troop-B troop block gave 2 

low scores (205 of block) and four high scores (40% of the block) out of ten. The A- 

B comparison is more suggestive with 12 low scores and 12 high scores out of 40 

(each representing 30% of the block), giving the impression that troop membership 

was not affecting grip choice for leaf shoot eating. This pattern can more clearly be 

seen in the histogram format, figure 4.4 

Figure 4.4 A histogram showing the proportions of high to low scores within the 

three groups for troop membership; A troop to A troop, A troop to B troop and B 

troop to B troop. 
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The effect of relatedness on grip choice 

One other independent variable was considered, relatedness. For this the similarity 

coefficient scores were taken from the matrix for pairs of related individuals. At 0.50 

relatedness (or 1/2 the genome shared) the mother-offspring scores were used, at 

0.250 (or 1/4 of the shared genome) the scores were taken for sibling pairs, aunts,. 

nephews and nieces; at 0.125 (or 1/8 shared genome) the pair scores for 

Atroop- Atroop- Btroop- 
Atroop Btroop Btroop 
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cousins were used. A control group was included consisting of A-B troop pairings of 

which one was an adult and the other a juvenile. (Refer to figure 2.4 for the matriline 

relationships). A regression analysis on the scores gave no relationship (Regression F 

ratio = 1.94, d. f. 1,25 p=0.118) between the similarity scores and the degree of 

relatedness of the individuals, refer to figure 4.5 for the graph. The most related pairs 

were on the right, the control group were the far left. Although the slope was not 

significant it appears that non-related animals have higher similarity coefficient pair 

scores than mother-offspring pairings! 

Figure 4.5. A graph to show the effect of relatedness against similarity scores, where 
0 indicates non-related pairs and 0.5 pairs who share half their genome (i. e. mother - 
offsprin pairs). 
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Measure of relatedness 

Similarity of Grips Used in Sugarcane Processing: 

Analysis of leaf sharing has shown that using a combination of dendrograms and 

similarity coefficient tables, it is possible to examine the similarity of individuals using 

a variety of grips. The same process will now be used to consider the similarity of 

individuals eating sugarcane. Unlike leaf eating where most animals only used 4 or 5 

simple grips the sugarcane data set had many more grips with the asymmetrical grips 

being more common, refer to table 3.3. 

0 0.1 0.2 0.3 0.4 0.5 
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The second dendrogram, figure 4.6, is more complicated than the one produced for 

leaf shoots; there are more subject animals (16) and more grips used (a total of 25). 

The dendrogram can be split into three different groups who show different patterns 

of grip usage. The central group who show the greatest similarity, BBrutus to 

AWhijn (refer to figure 4.6) are characterised by using a number of grips which are 

common to the group: the four single handed grips cylindrical, round, pad to side and 

C3; the two symmetrical grips two handed cylindrical and two handed pad to side; 

and the asymmetrical grip C3-round. Within this cluster the animals do use other 

grips but only one or two. The second group includes the animals BTwee, BLove, 

AAlpha, AFour and BLegs. These animals use all or most of the core grips but they 

also use many others, mainly asymmetrical combinations. The last group includes the 

animals AWhisn to ABug, refer to figure 4.6. These animals use very few grips in 

their processing of sugarcane, they still use some of the core grips and some 

asymmetrical combinations but the numbers used per animal were very low. 

From the sequential data there appeared to be no obvious reason for the animals to 

use so many different grips. Sugarcane was a very uniform food, effectively a 

cylindrical stick. An important factor to be taken into consideration was the location 

of the cane during the feeding bout. The animals either ate the sugarcane on the 

ground or in a tree, was it possible that this may have affected the grips used in 

processing the cane? It seems likely that if the cane was on the ground then the 

handling requirements would be reduced by comparison with having to physically hold 

the item in a tree. If the item was on the ground subsequent manipulation would have 

been relatively simple, whereas similar manipulations in the tree setting would have 

been much trickier. Therefore, for each animal the number of bouts of sugarcane 

processing on the ground and in trees was calculated and has been presented in table 

4.7. The animals have been listed in the same order as they appear on the 

dendrogram, figure 4.6. Also noted in the ground location was whether the animals 
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were eating from the main part of the sugarcane or if they were picking up smaller 

pieces around the sugarcane. 

Table 4.7 Number of feeding bouts for sugarcane processing in two locations, on the 

ground or in the trees. (The order of the animals corresponds to the clusters 

presented in figure 4.6). 

Tree Ground, 
whole cane 

Ground, 
pieces cane 

AAlpha 3 1 
AFour 5 6 
BLegs 7 5 1 
BBrutus 3 
BCheek 3 4 1 
BFi 7 2 
BPupa 1 5 
BWingjn 6 
BLi 3 2 
AWhijn 5 3 
BTwee 3 5 
BLove 5 1 
AWhisn 2 2 
BRo 2 2 
BAF 1 
ABug 1 2 

The core group of BBrutus to AWhijn concentrated their sugarcane processing to the 

ground, this may explain why they only used a few core grips. BCheek was the 

notable exception, eating sugarcane both in the trees and on the ground while using 

just the core grips. The three adult males at the top of the dendrogram who were all 

linked at quite low similarities but as a separate cluster from the others ate 

considerable amounts of sugarcane while in the trees, three out of four occasions for 

AAlpha, five out of eleven for AFour and seven out of twelve occasions for BLegs 

(table 4.7). All three animals were characterised by using a large number of 

asymmetrical grips, possibly a feature of trying to process sugarcane in trees. Of the 

animals BTwee to ABug, four of them ate sugarcane on the ground and in trees while 

two did not. This pattern would suggest that there was, perhaps not surprisingly, an 

effect of location on the type of grips used to process a difficult food like sugarcane. 
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The processing of sugarcane, whether on the ground or in a tree, was not easy and 

some sequences of actions were limited to the larger and stronger animals. The 

animals did employ a number of different strategies which may have affected the grips 

employed to complete some tasks. All the subjects at some point attempted to eat 

whole cane (with varying degrees of success), but they also ate smaller pieces 

discarded around the main stem, this was possibly a preferred method for the 

juveniles. Therefore one might expect a sex (males being stronger than females and 

therefore potentially more able to handle sugarcane) and/or an age effect within the 

coefficient matrix. 

The effect of gender on grip choice 

As for leaf shoots, the same independent variables were considered in trying to 

explain the possible clustering. The coefficient matrix was organised into blocks to 

show the effect of the first variable, gender. The data was ordered into male-male, 

female-female and male-female blocks. If there was a gender effect one might expect 

that the single sexed pairs would have higher similarity coefficient scores than male- 

female pairs. The matrix was coloured accordingly, the high values (>0.500) were 

shaded dark representing the top 25% of the coefficient scores and the low scores 

(<0.333) were shaded light representing the bottom 25% of scores, refer to table 4.8. 

From the shaded area of the table it would seem that in fact for all three groups the 

proportion of high to low scores was very similar. This even distribution of scores 

can clearly be seen in the histogram figure 4.7. 
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Figure 4.7 A histogram showing the proportions of high to low scores within the 

three groups for gender; male to male, male to female and female to female. 
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The low similarities of AWhisn, BRo, BAF and ABug, figure 4.6, were reflected in 

the coefficient matrix, all four animals had very low similarity coefficient scores by 

comparison with other animals. These four animals heavily influenced the shading 

with ABug scoring very low in every pairing. There is no obvious reason why this 

female should have used such different grips, she ate from the same sugarcane as the 

others and used similar techniques to process the cane. Both BRo and ABug had 

similar scores, but in this category it is important to note that not only did they have 

low scores with other females but males as well, so there appears to be no convincing 

evidence for a gender effect. 

The effect of age on grip choice 

Could there have been an age effect similar to that seen in leaf shoot eating? Once 

again all the juveniles were clustered in the central group, refer to dendrogram, figure 

4.6. This group basically used the core grips for sugarcane processing. This pattern 

was reflected in the coefficient matrix, table 4.9. The shading used was the same for 

previous examples. The high similarity scores were concentrated in the juvenile- 

juvenile block (100% of the block) while the adult-adult block was predominantly 

male- male- female- 
male female female 
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low scores (7% of the block and 79% of all low scores), with only a few high scores. 

The concentration of high scores for juveniles can be seen clearly in figure 4.8. 

Figure 4.8 A histogram showing the proportions of high to low scores within the 

three groups for age; adult to adult, adult to juvenile and juvenile to juvenile. 
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Coupled with the evidence from leaf shoots there does appear to have been an effect 

of grip type used to process food by the juvenile age category. 

The effect of troop membership on grip choice 

The troop comparison, table 4.10, showed no interesting pattern, in conjunction with 

the dendrogram, figure 4.6. The high scores were concentrated in the B-B troop 

block between juvenile pairings and with scores in the mixed troop block of 19 low 

(3 5%) and 11 high (20%) out of 55 pairings, there is little evidence to suggest any 

effect of troop membership on the similarity of individuals grip use. This pattern was 

reflected in the summary histogram, figure 4.9. 

adult- adult- juvenile- 
adult juvenile juvenile 
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Figure 4.9 A histogram showing the proportions of high to low scores within the 

three groups for troop membership; A troop to A troop, A troop to B troop and B 

troop to B troop. 
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If there was a troop effect the expected distribution would be to have the high scores 

distributed between the two outer columns of the histogram - where each troop's 

members have been compared to themselves, while the middle column of A-B troop 

comparison would contain mainly low scores. This pattern was quite clearly not seen. 

The number of high scores in the B-B troop comparison may be high as this group 

contains both adults and juveniles. There were only a few members from A troop and 

all of them were adults which may explain the low number of high scores seen here, 

rather than a troop effect. 

The effect of matrilines on this data set were not considered due to the composition of 

the data group. Six of the sixteen animals were adult males whose relationship to the 

other individuals in the troop were unknown. Of the five females none had offspring 

in the juvenile group, any other matrilineal relationships were too distant to be of any 

constructive use. 

Atroop- Atroop- Btroop- 
Atroop Btroop Btroop 
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Categorical vs. Frequency generated cluster diagrams. 

Up to now the cluster diagrams have been created using categorical data. This data, 

however, may not be reflective of actual grip usage as it ignores how often a grip type 

is used. Generally grip counts were low, but for several grip variables there was a 

wide range in usage. This data was incorporated into the coding system and cluster 

analysis run as before. The resulting cluster diagram, figure 4.10 does look different 

to figure 4.6, the categorical cluster diagram. However within the two diagrams 

several pairs of individuals are consistent across the two diagrams, for example going 

along the cluster diagram 4.10 from left to right: AAlpha and ABug are on the 

peripheries of both cluster diagrams 4.6 and 4.10; AWhisn, BRo and BAF are 

grouped together in both diagrams; BCheek and BLi are grouped together in both 

diagrams with BLi and BWingjn linking in; BTwee and BLove are a pair in both 

diagrams; and AFour and BLegs are a pair in both diagrams. 

To establish whether the two diagrams were significantly correlated the coefficient 

matrices produced for both cluster diagrams were compared. There was a significant 

correlation between the pairs of individuals for the categorical versus frequency 

cluster diagram (ANOVA F ratio = 0.76: 45, d. f. 1,118, p=0.000). This relationship 

is clearly visible in the resultant graph for the correlation, figure 4.11, where all but 

two of the data pairs fall within the 95% confidence limits. Interestingly there were 

only 9 flagged observations for the data set, that is only 9 out of the 119 pairs showed 

a difference between the categorical and frequency coefficient scores. This result 

suggests that there is no difference between using categorical and frequency scores 

for assessing the similarities of grip usage for individual foods. With only 9 pairs 

showing a difference between the two coding methods, it can be assumed that using 

categorical coding, rather than frequency data had little effect on the assessment of 

the independent variables. 
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Figure 4.11 Relationship between correlation coefficients for 
categorical versus frequency data. 
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Similarity of Grip Types Used to Process Large Fruit 

The last group to be considered was large fruit Like sugarcane this was a 

complicated group using 28 different grips. The challenge with this group was the 

size of the data set, 34 individuals. The dendrogram representing the similarity of 

individuals use of grip type appeared to be very complicated, figure 4.12. 

There are, however, just four patterns of interest within the dendrogram, figure 4.12. 

As in the last two dendrograms there is a core group from A1 Eye to BLi, linked at 

similarity 0.621. This group all used the same four grips; spherical, pad to side, two 

hand spherical and two hand pad to side. Any difference was due to the use of the 

occasional asymmetrical grip. There was a second group who then linked in at 

similarity 0.494 from AWhisn to BFurry (refer to figure 4.12). These individuals used 

the four core grips plus they all used the two handed spherical pad to side 

combination. The next group is from AFour to AB1i (refer to figure 4.12). These 

individuals are characterised by the number of grips they didn't share with others. 

They did use at least several of the core four but then showed high idiosyncrasy in 

grip usage. The last notable group is the pair AAlpha and ABeta at similarity 0.254. 

As well as the core grips these two individuals used a huge number of grips in 

comparison to the other individuals. BMJ is stuck at the end as he only used one grip 

in all the processing observed. An interesting observation to be made here is that 

average link dendrograms usually produce very defined cluster groupings (A. Gordon 

pers. comm. ), but all these dendrograms have been single cluster groups with 

individuals linked in at lower similarities, this being especially true for the large fruit 

dendrogram, figure 4.12. 

There did not seem to be any obvious reason why there was such huge variation 

outside of the core four grips, the fruits were similar in size and shape, although the 

animals did use several different tactics to eat some food. They either 
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attempted to eat the whole fruit or they ate small pieces discarded by whoever had the 

main body of the fruit or they tried to take handfuls or mouthfuls from a fruit while 

another animal was holding it. The location was not always the same, they ate large 

fruit on the ground or in trees. When the data sets were consulted many of the 

animals were recorded both on the ground and in the trees and for a variety of 

different species of large fruits, BMJ being a notable exception, all his data was 

collected in one bout where a left over pawpaw skin was lying on the ground. Many 

of the animals, even the adult males, at some point during data collection ate small 

pieces from the ground, although only juveniles, especially the young animals ever 

managed to share with another animal. The lack of pattern in the location of the 

feeding bout or the species of the large fruit was reflected in table 4.11. 

From the table there appears to be no pattern in location or type of fruit being eaten. 

The core group within the dendrogram were A1 Eye to BLi, but from this table there 

appears to be nothing that distinguishes these animals from any of the others. The 

rarer foods such as mango and pawpaw still attached to the parent tree are spread 

throughout the table as were the ground/tree preferences. 

The effect of gender on grip choice 

That leaves the independent variables to try and explain the pattern of the 

dendrogram, figure 4.12. In the first table, 4.12, the coefficient matrix was organised 

into gender blocks, with male-male pairings, female-female pairings and male-female 

pairs. Scores were highlighted in dark, for those values higher than 0.571, 

representing the top 25% of the coefficient scores, while low scores were highlighted 

in pale, for values less than or equal to 0.333, representing the bottom 25% of the 

coefficient scores. Of the pair scores within the male-male group 47% of them were 

below 0.3 33 while only 6% were above 0.5 71. The skew was less in the male-female 

block with 25% of the scores being below 0.333 and 16% above 0.571. 
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Table 4.11 Number of feeding bouts for large fruit processing in two locations, on 
the ground or in the trees, and for three species of fruit. (The order of animals 
corresponded to the clusters presented in figure 4.12). 

Pawpaw 
on tree 

Pawpaw 
in tree 

Pawpaw 
ground 

Pineapple 
in tree 

Pineapple 
ground 

Mango in 
tree 

Pieces on 
ground 

AA1 pha 2 6 5 1 
ABeta 1 2 1 2 2 
AlEye 1 4 
AScar 3 1 
APush 2 2 3 1 
BRo 2 2 1 3 
ASF2 1 1 1 1 1 
BBn 2 2 2 1 3 
AWhiF 1 2 1 
Wings 1 2 1 
BAF 1 2 1 1 3 
ALSF2 2 1 4 
BWingjn 2 2 1 1 4 
AWhijn 2 3 5 
BPupa 1 1 3 1 
BLi 2 1 2 
ASF4 1 1 
BBi 4 2 8 
AWhisn 2 1 2 2 
AScrap 1 5 1 3 
ASF3 3 2 1 
BTwee 2 2 6 2 3 
BLegs 4 7 1 1 
BCheek 3 2 2 1 
BFurry 1 2 6 
AFour 3 1 2 4 
ABug 2 5 3 
BDif 1 2 1 
BV 1 3 9 4 
BFi 1 8 1 10 
BBrutus 2 3 1 
ABlin 10 4 2 1 
AB1i 2 3 
BMJ 1 2 4 

Within the female-female block, however, there is a different pattern, 40% of the 

scores were above 0.571 compared to only 1% being below 0.333. This effect can 

clearly be seen in the histogram, figure 4.13: 
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Figure 4.13 A histogram showing the proportions of high to low scores within the 

three groups for gender, male to male, male to female and female to female 
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This pattern corresponds with the main cluster of figure 4.12. Of the sixteen 

individuals which made up the most similar cluster thirteen were females. These 

individuals used few variations in the grips, restricting themselves to the core grips. It 

was not possible, from the behavioural data collected to ascertain why these females 

used so few grips. 

The effect of age on grip choice 

The next question asked was, were all these females of the same age group and would 

there be the same juvenile effect of high similarity scores as seen for leaf shoots and 

sugarcane? Once again the coefficient matrix was organised into blocks, this time 

adult-adult, adult juvenile and juvenile juvenile blocks, see table 4.13. The spread of 

low figures was consistent for the three blocks, 22% of the scores in the adult-adult 

block, 23% in the mixed block and 26% in the juvenile juvenile block. For the high 

scores, seen in table 4.13 as the darker shaded areas, there was also a similar spread 

between the blocks, 18% in adult-adult, 22% in adult juvenile and 24% in the 

juvenile juvenile block. The lack of an age effect can be seen quite dramatically in the 

histogram, figure 4.14: 

male- male- female- 
male female female 
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Figure 4.14 A histogram showing the proportions of high to low scores within the 

three groups for age' adult to adult, adult to juvenile and juvenile to juvenile 
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Within the adult to adult block, 28 out of the 38 high scores in this block were female- 

female pairs; of the adult to juvenile block 28 out of 61 high scores were female- 

female pairings, but in the juvenile juvenile category where 24% were high, only 6 out 

of the 18 pairs were female-female scores. This would seem to suggest that, for this 

type of food, age was not as strong a factor as seen in the last two food groups, but 

that there was a tendency towards juvenile grouping, with 7 out of the 13 juveniles 

occurring within the main cluster. With the high scores being so scattered amongst 

age groups but concentrated in female pairs, it would also suggest that the females 

who created the high scores in the gender table, table 4.13, were from different age 

groups, this is supported in the dendrogram, figure 4.12, where the spread of age 

groups was eight adult females and four juvenile females within the main cluster of 

sixteen. 

The effect of troop membership on grip choice 

The last set of coefficient tables was for troop membership. As for the other two 

foods, there appeared to be little effect on the scores for this independent variable. 

The tables were organised into A and B troop blocks, the high and low scores once 

more highlighted, table 4.14. It has already been established that the 

adult- adult- juvenile- 
adult juvenile juvenile 
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majority of the high scores were between female-female pairs, but were these pairings 

from one troop or both? The data set contained a balanced nine females from each 

troop. The shading produced totally even results; for A-A troop scores, 29% were 

low, 21% were high; for A-B troop scores, 24% were low, 19% were high; and for 

B-B troop pairs, 20% were low and 21% were high. The even distribution can be 

seen in the summary histogram, figure 4.15: 

Figure 4.15 A histogram showing the proportions of high to low scores within the 

three groups for troop membership, A troop to A troop, A troop to B troop and B 

troop to B troop. 
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Of the main cluster, eight animals were from A troop, while eight were from B troop. 

It is therefore possible to conclude that there is no effect on clustering from troop 

membership. 

The effect of relatedness on grip choice 

With such a big data set this group provided the best opportunity to consider 

matrilineal relationships in the context of grip types chosen by related individuals. 

The pairings were established using the matrilines presented in chapter 2, figure 2.4. 

The same related groups were used as for leaf shoots; at 0.50 relatedness (or 1 /2 the 

Atroop- Atroop- Btroop- 
Atroop Btroop Btroop 
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genome shared) the mother - offspring scores were used, at 0.250 (or 1/4) the scores 

for siblings, aunts, nephews and nieces were used, at 0.125 (or 1/8 relatedness) the 

pair scores for cousins were used. A control group was included which consisted of 

all the females from A troop being paired with all the juveniles from B troop and visa 

versa for the females of B troop. For example, the female AScar was paired with the 

juveniles BV, BPupa, BMJ and BWingjn etc. while BAF was paired with ABli, 

AScrap and ALSF2 and so on. 

Figure 4.16 A graph to show the relationship between relatedness and similarity 

scores, where 0 represents non-related pairs and 0.5 indicates pairs who share half of 
their enome (i. e. mother - offspring Pairs). 
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A regression analysis of the scores gave no relationship between the similarity scores 

of pairs and the degree of relatedness (Regression analysis F ratio = 0.525, d. f 1,59, p 

= 0.47). This result is presented in a graph, figure 4.16, which clearly shows that 

there was no effect of relatedness in grips used to handle the processing of large 

fruits. 
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Conclusions 

To consider the relative similarity of the animals in their use of grip types, cluster 

analysis was used, giving dendrograms as diagrammatical representations of the 

individuals' grip data. The three dendrograms for leaf shoots, sugarcane and large 

fruit resulted in a consistent pattern, a single block of animals sharing a high similarity 

surrounded by other animals linking in at lower similarities who used more grips than 

the central core group, more specifically they used more asymmetrical grips. This 

would suggest that there were core grips most animals used with less common grips 

being spread through the other individuals. The lack of separate and distinct clusters 

would suggest that above the main presumably essential grips some of the animals 

were being highly idiosyncratic in their choice of grip type, although any firm 

conclusions are not possible due to the known effect of sample size. 

This high level of idiosyncrasy supports the other studies which have considered 

detailed grip usage. Byrne and Byrne (1991) report that the mountain gorillas were 

highly idiosyncratic at the most detailed level of their analysis. However, they only 

used adult and sub-adult subjects and the sexes were mixed; no attempt was made to 

explain this idiosyncrasy. Christel (1993) noted that among the ape species she 

studied only a few grasping variants occurred more than 10% of all grips; these she 

termed the "preferred grips". Body posture appeared to be the distinguishing factor 

for the use of different grasps. (The task set for the subjects was to pick up a small 

object of food, this would be equivalent to termite feeding in this study. However 

termite feeding only elicited one grip choice (pad to side) and was not considered in 

the analysis presented here). 

Within the limits of this study it was possible to explain some of the idiosyncrasy 

observed. For leaf shoot eating some could be linked to species of the food. There 
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appeared to be a direct relationship between grip usage and the type of leaves being 

eaten, Dalbergia processing resulted in the animals having to employ far more grips 

than for any other species. But there was no species effect when eating large fruit, 

nor was their a location effect, being on the ground or in a tree did not effect the 

number and types of grips used in processing. However there was a location effect in 

the eating of sugarcane, processing sugarcane up a tree seemed to require the use of 

more asymmetrical grips than processing on the ground. 

Although there was no formal statistical package to analyse the clusters within the 

dendrograms, the coefficient matrices provided a useful method when considering the 

effect of independent variables; gender, age, troop membership and degree of 

relatedness on the distribution of animals within the dendrograms. By shading the 

high and low similarity scores for pairs of individuals it was possible to see any 

patterns. Across two of the three food types (leaf shoots and sugarcane but not large 

fruit) age did have an effect: all juveniles tend to use a similar set of grips to each 

other, grips of the "core set". 

Redshaw (1993) looked at the development of prehension in gorilla infants. They 

started off using mostly power grips exhibiting considerable force and little control, 

but as they got older there was an increased use of precision grips in which the 

terminal portion thumb provided a counter-balance force. By comparison with human 

infants, gorilla infants used more power and fewer precision grips. The monkeys in 

this study appeared to have been exhibiting a similar pattern, with the juveniles using 

the core grips and only one or two of the less common grips while the more 

complicated asymmetrical grips were more commonly used in the older age group. 

To handle an object with two different grips must require a certain amount of 

dexterity and co-ordination, something that is quite possibly lacking in the younger 

monkeys. 
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Neither troop membership nor the degree of relatedness of individuals gave any 

pattern within the matrices, however for large fruit there was an effect of gender. In 

this case the females were clumped together at high levels of similarity; again they 

comprised the bulk of the most striking cluster of the dendrogram for this food, those 

using chiefly the "core set" of grips. From the behavioural data there was no obvious 

reason why the females were using only the essential grips. However, it may be 

linked to the elements they were using in the behavioural sequences, and this will be 

examined later in the thesis 

The overall picture of the animals use of grips was one of high individual idiosyncrasy, 

beyond the necessary use of core grips. This finding was in accordance with Christel 

(1993) who found that for individuals of various species there was individual 

preference for different grips. Why there was such a variation in the grips used could 

not be explained for the adults, who showed the highest levels of idiosyncrasy. It may 

be that an individual's choice of grip was linked to the behavioural element being used 

in the food processing at the time the grip was used, or a laterality preference. Both 

these issues will be considered in depth later in the thesis. 
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Chapter 5 

Vervet Monkey Hand Preferences in a Variety of Tasks 

Introduction 

The main purpose of studies of manual preference has been to determine whether 

animals possess asymmetrical forms of cerebral organisation analogous to that of 

humans; on the belief that the two are closely related (but see Corballis 1991). 

Studying lateralisation and development of the brain has implications for the 

reconstruction of hominid evolution, so work on non-human primates is of special 

interest. The fossil evidence for hominids is very limited and controversial, therefore 

at this time we often have to rely on the structure and function of living primates as 

indicators of the capacities of our ancestral hominoid. The subject of laterality in non- 

human primates has given enough positive evidence to encourage further study, while 

the equally large volume of conflicting data makes the subject a controversial one. 

For most of our evolutionary history a symmetrical structure of sensory and effector 

organs has proven more adaptive than an asymmetrical one; linear motion requires 

symmetrical limbs, animals need to be equally alert sensitive and reactive to either 

side. To accommodate this need, the limbs and sense organs, and many of the brain 

mechanisms dealing with them, are placed symmetrically in the body. 

Corballis (1991) suggests that left hemispheric specialisation probably has to do with 

praxis, the organisation of purposeful, sequential actions in which spatial constraints 

imposed by the environment are minimal. He suggests that since they are no longer 

so dependent on environmental constraints, there is no longer any advantage to 

symmetrical representation. Bilateral representation may even be a disadvantage, if 

praxic skill is duplicated in both cerebral hemispheres, there is a risk of conflict 
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between the two hemispheres. There are, several other potential benefits from having 

an asymmetrical brain; Frost (1980) suggests that double representation would have 

been wasteful of neural space, which may have been in demand as the lives of the 

hominids (and animals generally) became more complex. The evolution of the 

hominids saw a large increase in brain size, however, the size of the birth canal 

imposes a limit on the size of the brain. There are three ways that this problem has 

been circumvented by the hominids; (1) the brain became highly convoluted (although 

the amount of convolutions may be simply determined allometrically by brain size), 

(2) the brains of infants continue to grow after birth and (3) unilateral representation 

of praxic skills may have provided another way of cutting down on the demand for 

neural space. 

Although manual praxis seems to be most highly developed in humans, the praxic 

element may have been present quite early on in evolution. In a review on 

handedness, MacNeilage, Studdert-Kennedy and Lindblom (1987) proposed a new 

theory about the evolution of primate handedness which has subsequently sparked off 

a large debate and a seemingly endless series of studies. The main thrust of the theory 

comes from their assumption that across the primate Order there are population-level 

lateralities in hand use ("handedness"). They proposed the evolutionary scenario that 

left handedness originated in visually guided reaching, this is seen in the prosimian 

species which feed in an upright posture where the left hand is used for grabbing and 

the right for postural support. The suggestion is that greater success was achieved by 

consistently using one hand over the other for the ballistic reach where a large 

quantity of sensory information had to be processed in order to catch the moving 

insects. Over evolutionary time the monkeys' diet became more diverse, and the left 

hand was no longer required for ballistic reaching but was now required to hold 

objects for further processing. The right hand previously used for postural support 

was available for fine hand-arm movements as the forelimbs were freed from their role 

as weight supporters in standing and moving around and became adept at grasping 
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and handling objects. Over time the asymmetry of hand use (left for power handling 

and right for fine manipulation) increased as the forelimbs continued to evolve away 

from their original locomotor function. In hominids, freeing of the hands as a result of 

bipedalism would have greatly increased the scope for praxis. The upright stance 

freed the arms and hands from involvement in weight bearing and locomotion, 

allowing not only carrying but also the use and manufacture of tools. MacNeilage et 

al. suggested that the evolution of extensive manipulative abilities, aided by an 

opposable thumb, and the common occurrence of complementary bimanual activity in 

non human primates, were thus accompanied by the evolution of increasing lateral 

bias in the performance of manual activity. 

In a recent article, Fagot and Vauclair (1994) concluded that the left and right halves 

of the brains of non-human primates do not have the same cognitive functions. This 

finding derives from a variety of studies on motor, cognitive and perceptual 

asymmetries in several non-human primate species (see Fagot and Vauclair 1991; 

Hopkins and Morris 1989,1993; MacNeilage et al. 1987; Ward and Hopkins 1993, 

for recent discussion of this issue). Although experimental reports have shown that 

non-human primates do exhibit hemispheric asymmetries, it is difficult at this point to 

propose an integrated theory on the respective abilities of each hemisphere (Vauclair 

and Fagot 1993). 

A first difficulty for hemispheric specialisation is that laterality in non-human species 

depends, as with humans, on the nature of the administered tasks. For example, 

Hamilton and Vermiere (1988) found, within the same group of split brain rhesus 

macaques, a left hemisphere advantage for line orientation discrimination 

complementary to a right hemispheric advantage for the discrimination of monkey 

faces. Task specificity for hemispheric lateralisation was also demonstrated in 

Sanford, Guin and Ward (1984), and Fagot and Vauclair (1988a). A second difficulty 

is that hemispheric differences are not necessarily stable over practice (Fagot and 
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Vauclair 1991) which complicates the results and their integration into a unified 

theory. There is even incidental evidence that patterns of hemispheric lateralisation 

may change over the course of a single experiment. Ettlinger (1961) found in 

somatosensory discrimination tasks that practice reduces the initial predominance of 

left handed preferences to near equality with right hand preferences. Instability in 

hemispheric lateralisation with practice was also found in research with baboons 

(Fagot and Vauclair 1988b). Fagot and Vauclair (1994) suggest that hemispheric 

lateralisation is not a stable phenomenon because it can disappear or even shift over 

trials. If this is the case then systematic inclusion of the variable of change over time 

may lead to a better understanding of the role of each hemisphere in the various stages 

of information processing. 

Hopkins and Morris (1989) point out that nearly all the studies of lateralisation in 

non-human primates have involved split brain research' (Doty and Yamaga 1973; 

Hamilton 1977; Heffner and Heffner 1984,1986; Horster and Ettlinger 1985) and that 

little is known about hemispheric processing in the intact brains of non-human 

primates. Results of recent studies indicate that macaques are better at discriminating 

species-specific calls and complex tones when using the left hemisphere than when 

using the right hemisphere (Heffner and Heffner 1984,1986; Pohl 1983). Other 

studies have found that macaques are better able to solve a visual-spatial task when 

using the left hemisphere (Jason, Cowey and Weiskrantz 1984) but are not lateralised 

for processing neutral macaque or human facial expressions (Overman and Doty 

1982). Hamilton and Vermiere (1983) reported that individual macaques do show 

significant lateralised function in the perception of facial expression in the dominant 

hemisphere, when the dominant hemisphere is contra lateral to the hand preference. 

However the degree to which asymmetric hemispheric specialisation is observed in 

macaques as a population, is not significant. 

1I do not believe in subjecting animals to vivisection techniques for the sake of scientific knowledge. 
The following section is only included at the request of my examiners. Under no circumstances 
would I support such work. 
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In contrast to the left hemispheric advantage found for visual-spatial processing in 

monkeys, the results with chimpanzees more closely model the findings with humans 

(evidence for right hemispheric lateralisation for visual-spatial processing). 

Consequently, Hopkins and Morris (1989) speculate that different evolutionary 

mechanisms may have selected for the apparent differences in the localisation of 

lateralised function. A greater selection for higher cognitive functioning may have 

precipitated the emergence of an asymmetrical brain (Levy 1977). 

Thus, although hemispheric asymmetries of the human brain have been well 

documented since their discovery, for example, by Broca (1861), the issue of whether 

homologous patterns of cerebral lateralisation exist in non-human primates and other 

species remains unresolved. However, the study of prosimians has produced 

consistent evidence in support of the postural support theory described above, with 

food reaching and holding having predominantly favoured the left hand (Ward 1988). 

MacNeilage et al. (1987) argue that many negative results stem from the fact that 

immature subjects are not lateralised to the same extent as adults, and therefore bias 

population level conclusions in favour of the null hypothesis. There is increasing 

evidence that age does influence the direction and strength of hand preference. Ward 

et al. (1990) found a significant positive correlation between age and strength of 

lateral bias for prosimians. However for monkeys and apes the picture is less clear. 

In one review, Fagot & Vauclair (1991) analysed 41 studies including prosimians, 

monkeys and apes; in 38 of these there was no significant evidence for any sort of 

population level hand asymmetry. They also looked at the influence of age and none 

of the studies conducted with adult subjects alone showed a population level 

preference. The table presented below (table 5.1) has been adapted from their review 

paper, but includes only the monkey studies for which there were more than 10 

subjects in a study. Several studies subsequent to the review have been included to 

give the most current picture of studies on monkey hand use. 
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Table 5.1 A Summary of the Studies on Simple Food Reaching for Food in Non- 

human Primates, adapted from Fagot and Vauclair (1991) 

Study Species Age Right Left No Pref. Statistics 
Beck & Barton Macaca J 5 2 3 n. s. 
1972 arctoides 
Brooker et al. Macaca A&J 22 21 24 n. s. 
1981 radiata 
Warren 1953 Macaca A&J 27 26 31 n. s. 

mulatto 
Cole 1957 M mulatta ? 8 5 0 n. s. 
Brookshire & M mulatta J 5 12 2 n. s. 
Warren 1962 
Lehman 1970 M mulatta i 11 12 1 n. s. 
Lehman 1978 M mulatta A&J 80 91 0 n. s. 
Fagot, Drea & M mulatta A&J 12 15 24 n. s. 
Wallen 1991 
Rawlins 1986 M mulatta ? 20 17 8 n. s. 
Itani 1957 Macaw A&J 16 30 23 x= 426 

fuscata p<0.5 
Itani et al. 1963 M. fuscata A&J 118 149 127 n. s. 
Tokuda 1969 M. fuscata A&J 8 17 16 n. s. 
Lehman 1980 Macaca J 35 23 0 n. s. 

ascicularis 
Deuel & Shaffer M J 10 5 22 n. s. 
1987 ascicularis 
Cole 1957 Macaca ? 10 6 0 n. s. 

nemestrina 
Ross et al. 1987 Papio ? 11 17 0 n. s. 

c noce halus 
Vauclair & Papiopapio A 7 2 2 n. s. 
Fagot 1987 
Fragaszy & Cebus apella A 1 3 3 - 
Mitchell 1990 
Masataka 1990 C. apella A 20 3 0 x=8.33 

<0.01 
Westergaard & C. apella A&J 12 8 1 ? 
Suomi 1993 
Roney & King Saimiri A&J 14 15 1 n. s. 
1993 sciureus 
KEY: A- Adult, J= Juvenile, ?= information not provided in the original paper. 
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Statistics: to check the distribution of left versus right handers a chi-square test was 

used by Fagot and Vauclair (1991). In this review only p values less than 0.05 were 

considered to be of statistical significance. 

Out of the 21 studies considered here for a range of monkey species, only two have 

significant population bias in hand preference. These two studies which gave 

significant results may have been flawed in their design. Fagot and Vauclair (1991) 

report that in the 1957 study by Itani on Macacafuscata, he used food incentives of 

very small size (grains of wheat) that most certainly elicited very precise reaching 

movements. In the Masataka paper (1990) the capuchins were fed with a variety of 

fruits and monkey chow, data was recorded only after all the visible food had been 

removed from the cages. Neither of these studies controlled for statistical 

independence; to test for hand preference the subjects hand choice must be random 

for each handful of food recorded. Masataka continued observations until 100 cases 

of picking up food had been recorded for each subject. No account was given of how 

often a monkey sat down and picked up several pieces from the same spot. This lack 

of independence in the recorded use of hand choice may have inflated the number of 

times any one subject randomly picked up an item. King (1995) reported that the 

direction and degree of bias may be influenced by the following independent variables: 

posture, speed and required visual guidance, the complexity of the required 

spatiotemporal co-ordination, and the emotional arousal of the subject. 

By far the commonest claims of handedness in non-human primates have come from 

studies on the great apes. In their 1991 review Marchant and McGrew point out how 

few of these studies give any conclusive evidence for laterality. Using 8 variables 

(function, which organs were used; context, captive or wild; sample, number of 

subjects in the study; age, the age of subjects studied; task, whether a controlled task 

or spontaneous features of the apes' daily life; the number of tasks in the study; the 

number of trials in the study; and the complexity of the task) they studied the 
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extensive literature on ape hand use. The results they presented were quite alarming 

considering the conclusions that have been reached within these papers. 

Of the 80 studies considered by Marchant and McGrew (1991) only 10 of them were 

done on free-ranging subjects. In 78 reports that specified numbers, only 20 had 10 

or more subjects. Only 33 of the 80 studies specified the ages of all the subjects. For 

those studies which provide some information, more than 50% of them had used sub- 

adult subjects. All 10 of the field studies focused on spontaneous tasks but in 

captivity only 54% of them made use of any spontaneous measures. Marchant and 

McGrew comment that while the median number of tasks performed by captives was 

three, there were virtually no tasks which involved activities from the animals' natural 

repertoire, especially social behaviour such as throwing. At the end of their review 

Marchant and McGrew conclude that a "typical" study in the ape literature can be 

summarised as follows: 

"the "typical" study of laterality of function in apes is only of hand 

preference in captive chimpanzees, based on a few, immature 

subjects performing a few trials of a single task. The "typical task" 
is simple, consisting of one-handed, non-sequential, and gross 

movements. " 

When considering the conclusions drawn in many papers on laterality, features such as 

those described above must be taken into consideration. Laboratory environments are 

impoverished, both sensorily and motorically, by comparison with the natural 

environments of non-human primates and so are likely to produce incomplete results 

(Marchant and McGrew 1991). Very few of the many studies conducted have used 

wild animals in the field setting; Boesch (1991) and Byrne & Byrne (1991) are notable 

exceptions to the mostly laboratory based studies, and they were looking at apes; 

chimpanzees and mountain gorillas respectively. MacNeilage et al. (1987) 

commented on the possible problems of bias against field data; but field studies are 
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crucial, they test an animal's performance in the environment of evolutionary 

adaptedness. It is in the wild that the primate hand anatomy and motor control 

developed and there is no reason to suppose that these animals are not performing 

similar tasks to those which shaped their evolution. Field studies are naturally inclined 

to study spontaneous tasks, but within the laboratory based setting there is still the 

preference for induced measures. The many laboratory based studies have yielded 

mixed results across the non-human primate taxa and what is needed now are more 

studies which consider manual skill in the wild. The tendency towards contrived and 

artificial tasks continues in many studies, and the results will continue to be biased 

against major activities such as food processing, locomotion and self maintenance. 

In their conclusion to the review Marchant and McGrew point out that consistency of 

laterality across tasks cannot be established until a variety of tasks have been 

considered. There are several aspects of primate living which can be studied in terms 

of laterality; carrying infants, chest beating, leading limbs, stone throwing, tool use 

and plant food processing. The continuing pattern of research, however, is to 

continue to look at the standard reach-grasp-retrieval of a food reward. So, despite 

there being a large body of literature on the laterality of function, Marchant and 

McGrew conclude that the hypothesis for functional laterality in great apes has not yet 

been tested. 

In this section I have taken the five most recent papers and considered whether the 

current monkey literature is also lacking in much of the information necessary to 

resolve the issue of lateralisation in non-human primates. The five studies all looked 

at a food reaching task: Westergaard & Suomi (1993), Masataka (1990) and Fragaszy 

& Mitchell (1990) for capuchins; Roney & King (1993) for squirrel monkeys; and 

Fagot, Drea & Wallen (1991) for rhesus monkeys. All five studies were performed in 

captivity, only one on animals in enclosures rather than laboratory based cages. 

Fragaszy & Mitchell looked at spontaneous hand use in feeding, searching for food 
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and grooming; unfortunately they only presented data for seven individuals. Masataka 

also looked at spontaneous hand reaching, using a larger sample of 22 individuals, 

unfortunately he did not control for non-independence of reaching actions. The other 

three studies all used more than 20 subjects but the tasks in each case were induced 

(that is, the task was a measure explicitly elicited by a researcher's protocol). The 

three laboratory studies used both adult and juvenile subjects. Two of the studies 

tested for an age effect on hand preference; Westergaard and Suomi found a 

significant effect of age, Fagot et al. did not. The number of tasks involved was low 

for all four studies, averaging 2.5 tasks. 

This study of wild vervets provides a good opportunity to test the theory proposed by 

MacNeilage et al. (1987), as the animals used both reaching tasks and complex 

manipulatory skills. The data presented in this chapter is derived from the analyses of 

four food items. Each food type was considered a separate task. Two of the tasks 

are visually guided reaching tasks; in one, the desired object is moving, termites; and 

in the other the food item is static but in unstable places, leaf shoots on the ends of 

branches. The other two tasks involve large items which can be considered to be 

embedded food sources, sugarcane and large fruit. The main questions to be 

addressed in this study were: 

1. Did individual animals show a strong hand preference within a task? 

2. Did age or sex have an effect on hand preference? Would there be, as predicted 

by MacNeilage et al. (1987), a reduction in lateral bias with the inclusion of juveniles? 

3. Was the direction of bias correlated across tasks? 

4. Was there a population bias for handedness within a task? That is, would the 

animals demonstrate a bimodal distribution of hand preference or skewed in favour of 

one direction? If so, does the directional bias follow the MacNeilage et al. (1987) 

theory: left hand bias if the task is one of reaching, or right hand bias if it is one of 

manipulation? 
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Methods 

Only data for those individuals who had eaten 50 mouthfuls of food or more were 

considered in this study. Not all the subjects who provided 50 mouthfuls of data used 

enough lateralised elements to be included within this data analysis The four foods 

considered in this study were termites, leaf shoots, sugarcane and large fruit. The 

subjects were scored as performing left, right or two handed elements (where an 

element is a described feature of the sequence) within a bout of food processing 

(where a bout was defined as a period of feeding on a single food type). Following 

data collection the number of times an element was used with either the left or right 

hand was added up for every subject. 

Before the handedness data could be analysed two problems had to be considered: 

statistical independence of the coded behaviour and the relatively low individual 

element counts. To ensure that each lateralised event was statistically independent of 

the last, the sequences of elements were analysed for consecutive repetitions of 

elements. When an element was used repeatedly within the same sequence and each 

event was not separated by a new element, only the first element was recorded as 

showing handedness. The count was not resumed until a new independent response 

was considered to have occurred. When two elements were performed bi-manually, 

such as holding the food while the other hand cleaned the item, only one of the 

elements was scored. Beck and Barton (1972) suggested that the "dominant hand" 

would perform the most precise movements of the fingers, whereas the non-dominant 

hand would have a supportive role which would involve less differentiation and 

accuracy of the fingers. In this scenario the dominant hand would be the hand 

performing the cleaning element, the non-dominant hand would be holding the food. 

As a result only the dominant hand scores were counted, the non-dominant hand score 

was discarded. The actual number of elements that could be statistically analysed for 

handedness was low. Within a task, elements were added together if they were 
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structurally similar, for example both pick and take out involve the removal of a small 

item held in a precision grip. Grouping together similar elements had no effect on the 

direction of lateral bias (a chi-squared test was used where necessary to establish 

whether two functionally equivalent elements could be grouped together). 

Termite feeding was simple to score as each ballistic grasp could be considered 

independent: as the monkeys always moved between each mouthful. Of the four food 

types studied this one was the only food in which every element was lateralised 

(except for pick up lips). The left and right counts were added together for the 

following three lateralised elements; grab, pick up, and pull off. For leaf shoot eating 

counting the lateralised events depended on what the animal was doing, for instance, 

if the subject was not holding the branch, each lateralised movement was considered 

independent as either hand was available for picking leaf shoots. But if a hand was 

holding the branch and the subject repeatedly picked using the same hand only the 

first response was counted. Scoring was not resumed until a new independent 

element was performed, such as releasing the branch. This had the effect of lowering 

some of the totals for the lateralised elements. Only two elements were consistently 

lateralised across subjects, pick and take out, these were added together to give the 

handedness counts for leaf shoot eating. The element bend round was also highly 

lateralised but the subsequent element, pick, was dependent on whichever hand was 

holding the branch, as a result this element was not used to calculate hand preference 

as it was always the opposite to whichever hand picked from the branch. 

For sugarcane and large fruit a slightly different approach was required as there were 

two different sets of handedness scores to consider. Firstly there were the elements: 

those actions which were used to detach items from the food, remove pieces from the 

mouth etc. Secondly, the element hold when used bimanually may also have been 

lateralised; using the Beck and Barton (1972) argument, the dominant hand would use 

the precision grip, the non-dominant hand the power grip. However, the grip data 
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was not this simple as there were two different combinations of grip type: a power- 

precision combination (see definitions, chapter 3) or a bimanual power grip where two 

different power grips were used concurrently. In the case of a bi-manual power grip 

the dominant hand was dependent on the shape of the object; for sugarcane, a long 

thin item, the cylindrical grip was considered dominant as presumably this grip is the 

most appropriate one to use for this food and would be used by the preferred hand, 

for large fruit, the round grip was considered dominant for the same reason. There 

were no bi-manual precision grips. For all the different combinations of grips, the 

dominant grip scores for the element hold, were added together. As a result, for 

sugarcane and large fruit there are two sets of handedness data, one for holding, the 

other for detaching. 

There were surprisingly few lateralised events for fruit and sugarcane processing and 

not all the subjects scored for both the hold and detach data sets. The lateralised 

components tended to be isolated; the preferred method for eating from the food was 

to hold the object symmetrically and use the mouth for processing, the animals did not 

process a large area and then start eating, rather, they would clear a small area and 

eat, clear another area of obstructions and eat. Therefore, each handed event can be 

considered to be independent of the last. For the sugarcane data set the following 

element counts were added together: take out, hold back, yank, pick and peel, all are 

detaching actions performed by one hand to remove an object. For fruit processing 

the counts for the following elements were added together: take out, pick, pick up, 

peel and bite off H. This resulted in a table which gave a left and right count for each 

food task (two each for sugarcane and large fruit). 
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Results 

Hand Preference Within a Task 

The first question to be considered is whether the animals show consistent handedness 

for a feeding task. For each individual on each task, an index of preference towards 

right handedness was calculated, where preference was calculated as the score for 

right handed, divided by the sum of left- and right-handed scores, expressed as a 

percentage. Right hand preference was used (but equally the percentage left handed 

could have been used) as this is the direction of the prediction for manipulatory skills 

(according to MacNeilage et al. 1987). The results are shown in table 5.2. For each 

case in which six or more counts of handedness were recorded the binomial z-score 

was calculated, to determine whether there was a significant deviation from chance 

distribution. The results of right-hand preference and their significance have been 

summarised in table 5.3. 

From the table, it is clear that termite feeding was the most lateralised task across 

subjects, with 13 out of 19 testable animals being significantly lateralised. This is 

maybe not surprising for a task which required ballistic hand reaching where accuracy 

was important, suggesting a tendency towards using the preferred hand. When 

considering a task in which the target was static such as leaf shoots the number of 

significantly lateralised subjects fell quite dramatically to only 5 out of 22 subjects; all 

of the lateralised individuals were adults. For the bimanual holding tasks required to 

eat sugarcane there were only 5 significantly lateralised subjects out of a possible 19. 

Surprisingly, the elements requiring manipulative skills in sugarcane processing 

produced even fewer significantly lateralised individuals than the bimanual task with 

only 2 out of the 19 animals showing a preference greater than chance. This trend of 

low apparent hand preference continued when considering the bimanual task of 

holding large fruit where none of the 24 subjects scored a significant hand preference. 
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Table 5.2 Showing Right Hand Preference For Six Tasks: 

Name 

n 

Termite 
% 

z n 

Leaf 
Shoots 

ono z n 

S'cane - 
Hold 

ono z n 

S'cane - 
Detach 

ono z n 

Fruit - 
Hold 
ono z n 

Fruit - 
Detach 

% z 
AAlpha 138 91 9.62 - - 16 56 0.25 12 67 0.87 62 48 -0.13 59 47 -0.26 
ABeta 61 8 -6.40 15 27 -1.55 - - - - 8 50 0.00 10 70 0.95 
AFour 78 68 3.06 208 24 -7.42 44 11 -4.97 107 48 -0.19 36 39 -1.17 27 48 -0.14 
ASorrow - - 21 14 -3.05 - - - - - - - - 
AWhisn 44 61 1.36 58 52 -0.13 15 73 1.56 13 69 0.62 16 44 -0.25 24 63 1.02 
BBrutus - - - - 10 20 -1.58 6 67 0.41 21 29 -1.75 28 39 -0.94 
BTwee - - - - 38 58 0.81 27 37 -1.15 19 37 -0.92 45 78 3.57 
BLegs - - 23 39 -0.83 157 68 4.31 112 36 -2.93 43 44 -0.61 10 38 -2.07 
ABlindy 107 31 -3.87 12 17 -2.02 - - - - 89 44 -1.06 94 41 -1.55 
ABug 108 43 -1.44 - - 8 13 -1.77 - - 42 43 -0.77 26 88 3.73 
AScar 104 90 8.14 20 35 -1.19 - - - - - - - - 
ASF2 62 79 4.45 256 74 7.56 - - 17 47 -0.14 16 31 -1.25 36 81 3.50 
ASF3 22 59 0.64 82 28 -3.86 - - - - 14 50 0.00 17 31 -1.00 
ASF4 103 81 6.11 - - - - - - - - 19 32 -1.34 
AWhiF 77 83 5.70 - - - - - - - - - - 
BLove - - - - 43 70 2.44 19 47 -0.14 - - - - 
BAF - - - - 11 27 -1.21 7 86 1.51 11 55 0.14 21 14 -3.05 
BBn - - - - - - - - 19 53 0.14 51 47 -0.28 
BRo - - - - 33 67 1.74 16 31 -1.25 - - - - 
BCheek - - - - 32 56 0.53 18 56 0.24 9 33 -0.67 20 70 1.56 
BWings - - 11 64 0.60 - - - - - - 19 16 -2.75 
BDif - - - - - - - - 6 50 0.00 31 0 -5.39 
APushy 115 27 -4.85 14 57 0.27 7 100 2.27 7 0 -2.27 7 43 -0.13 14 36 -0.80 
ALWhi 62 56 0.89 - - - - - - - - 11 18 -1.81 
AScrap 139 63 3.05 - - - - - - 15 67 1.03 21 43 -0.44 
BPupa - - 77 52 0.23 57 56 0.79 41 46 -0.31 8 63 0.35 23 26 -2.09 
BV - - 53 53 0.27 13 54 0.14 - - 12 67 0.87 56 14 -5.21 
BMJ - - 17 53 0.14 - - - - - - - - 
AAlarm 97 37 -2.44 - - - - - - 12 58 0.29 14 93 2.94 
ALSF2 84 58 1.42 10 80 1.58 9 56 0.14 6 67 0.41 - - 57 39 -1.59 
AWhijn 141 24 -6.06 - - 50 68 2.40 53 45 -0.55 24 63 1.02 29 17 -3.34 
AScuff - - 27 67 1.54 - - - - - - 16 38 -0.75 
ACutey 16 81 2.25 61 47 -0.26 - - - - - - - - 
BWingjn - - 30 60 0.91 28 50 0.00 25 48 -0.14 13 31 -1.11 49 20 -4.00 
BFurry - - 26 54 0.20 - - - - 16 69 1.25 41 56 0.62 
ABli 22 36 -1.07 - - - - - - - - 19 32 -1.38 
BBi - - 10 60 0.32 - - 14 57 0.27 - - 18 33 -1.18 
BFi - 10 60 0.32 9 44 -0.14 13 69 0.20 28 39 -0.95 98 69 3.33 
BLi - - 22 50 0.00 12 67 0.87 12 50 0.00 - - - - 

The first column for each task gives the total number of lateralised components used in eating the food item. 
The second column of figures for each task give the preference indices. The "preference index" is the 
proportion of all the sequences that were right handed expressed as a precentage: thus 100% implies that all 
sequences for the animal were entirely right handed, 0% that they were entirely left handed The third column 
of figures give the z scores (2 - tailed binomial test), a positive score indicates right handedness, negative scores 
left handedness; z scores larger than 1.96 give significance of p<0.05. The top half of the table gives the right 
hand preference for adult subjects, the bottom half, the juvenile right hand preference. The first two columns 
(termites and leaf shoots) represent ballistic reaching tasks while sugarcane and large fruit involve 

asymmetrical holding tasks, each split into the "hold" part of the task where 2 handed asymmetrical grips were 
used and "detach" where items were removed from the food with one hand while the other supported. 
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Table 5.3 Summary of Left or Right hand preference: 

Name Sex Termites p Leaf 
Shoots 

p S'cane - 
Hold 

p S'cane - 
Detach 

p Fruit - 
Hold 

p Fruit - 
Detach 

p 

AAlpha M R *** - r n. s. r n. s. 1 n. s. 1 n. s. 
ABeta M L *** 1 n. s. - - - n. s. r n. s. 
AFour M r ** 1 *** L *** 1 n. s. 1 n. s. 1 n. s. 
ASorrow M - L ** - - - - 
AWhisn M r n. s. r n. s. r n. s. r n. s. 1 n. s. r n. s. 
BBrutus M - - L n. s. r n. s. 1 n. s. 1 n. s. 
BTwee M - - r n. s. 1 n. s. 1 n. s. r 
BLegs M - 1 n. s. r *** 1 ** 1 n. s. 1 
ABlindy F 1 *** L * - - 1 n. s. 1 n. s. 
ABug F 1 n. s. - 1 n. s. - 1 n. s. R 
AScar F R *** 1 n. s. - - - - 
ASF2 F r *** r *** - 1 n. s. 1 n. s. R *** 
ASF3 F r n. s. 1 *** - - - n. s. 1 n. s. 
ASF4 F R *** - - - - 1 n. s. 
AWhiF F R *** - - - - - 
BLove F - - r * 1 n. s. - - 
BAF F - - 1 n. s. R n. s. r n. s. L ** 
BBn F - - - - r n. s. 1 n. s. 
BRo F - - r n. s. 1 n. s. - - 
BCheek F - - r n. s. r n. s. 1 n. s. r n. s. 
BWings F - r n. s. - - - L ** 
BDif F - - - - - n. s. L 
APushy M 1 *** r n. s. R * L ** 1 n. s. 1 n. s. 
ALWhi M r n. s. - - - - L n. s. 
AScrap M r ** - - - r n. s. 1 n. s. 
BPupa M - r n. s. r n. s. 1 n. s. r n. s. 1 
BV M - r n. s. r n. s. - r n. s. L *** 
BMJ M - r n. s. - - - - 
AAlarm F 1 * - - - r n. s. R 
ALSF2 F r n. s. R n. s. r n. s. r n. s. - 1 n. s. 
AWhijn F 1 *** - r * 1 n. s. r n. s. L *** 
AScuff F - r n. s. - - - 1 n. s. 
ACutey F R * 1 n. s. - - - - 
BWingjn F - r n. s. - n. s. 1 n. s. 1 n. s. L *** 
BFurry F - r n. s. - - r n. s. r n. s. 
ABli M 1 n. s. - - - - 1 n. s. 
BBi M - r n. s. - r n. s. - 1 n. s. 
BFi M - r n. s. 1 n. s. r n. s. 1 n. s. r 
BLi F - - n. s. r n. s. - n. s. - - 

In the first column for each task are the hand preferences, the overall preference is shown by 1, indicating a 
left preference between 0 and 49% and r indicating a right preference between 51 and 100 %. Any strong 
laterality preference is shown by a capital L indicating a hand index between 0 and 20 % and R an index 
between 80 and 100 %. The second column for each task shows the significance level using two tailed 
binomial tests (where n< 25) or z scores (where n> 25); *** corresponds to p=0.001 or less, ** to p= 
0.01 or less, * to p=0.05 or less and n. s. indicating no significance. The - indicates either no hand 
preference for the task (combined with a n. s. ) ie ambivalent in hand preference or no data for the animal for 
that task. The top half of the table gives the summary information for the adult subjects, the bottom half for 
the juveniles. The second column indicates the sex of the subject, M for male, F for female. 
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The sample sizes are large enough to have produced an effect, the smallest n value 

being 29 recordings for one individual's bimanual holding, suggesting that maybe 

these animals are not very lateralised for this task. However, there were more cases 

when considering actions which detached items from the large fruit. In this case 13 

out of 31 subjects were lateralised, still a low number. Overall then only termite 

feeding elicited a strong hand preference while for the other five tasks a strong hand 

preference was not normal. 

Has the data reached asymptote for number of observations versus handedness? 

From table 5.2 it is clear that the amount of data for each individual varied both within 

and across tasks. It is possible that there is not enough data to reflect the actual 

handedness of each individual. Using correlation coefficients the relationship between 

number of mouthfuls of data and percentage right handedness revealed that for all 

four tasks there was no significant relationship, between the degree of handedness and 

the amount of data analysed for each food, see table 5.4 for the summary results. 

Table 5.4 Correlation coefficient scores for mouthfuls of data collected against the 

percentage right handedness recorded for subjects per food: 

Termite p Leaf p S'cane p Fruit 
subject number 19 22 19 31 
M'fuls to 
handedness 

-. 054 
. 
828 

. 
0162 

. 
943 -. 2533 

. 
295 

. 
0910 

. 
627 

Consistency Across Individuals 

The next question to ask is whether the animal's hand preference was consistent 

across the population. Byrne and Byrne (1991) used two techniques to consider this 

problem, and Hopkins et al. (1993) used another, all of which will be replicated here 

for the purpose of comparison. Byrne and Byrne's first method tested the number of 
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individuals found to be left or right handed against a null hypothesis of 50: 50 sorting. 

Due to the very low numbers of significantly lateralised subjects found in this study, 

all the subjects were considered. For each subject in each task the hand preference 

scores were split in terms of left (a right hand preference less than 50%) and right (a 

right hand preference greater than 50%). For five out of the six tasks the ratio of 

individuals with left versus right hand preference did not differ from 50: 50 (termites, 

7: 13 z=1.12, n. s.; leaf shoots, 8: 13 z=0.87, n. s.; sugarcane hold, 5: 13 z=1.65, n. s.; 

sugarcane detach, 10: 8 z= -0.24, n. s.; and large fruit hold, 13: 8 z= -0.87, n. s. ). 

However there was a significant excess of left handed individuals in the population for 

detaching pieces from a large fruit (22: 9 z= -2.16, p<0.05). This positive result is 

qualified by the fact that only 42% of these hand preferences were significant, and that 

six tests were performed, only one reaching 0.05 level significance. This data thus 

gives little support to the idea for a population trend in hand preference. Nor were 

the slight biases in the same direction, with termites, leaf shoots, and the bimanual 

holds for sugarcane suggesting a right hand bias, while sugarcane detaching, fruit 

holding and fruit detaching all moved towards a left bias in hand preference. 

The lack of population bias can clearly be seen in figure 5.1 which shows the 

distribution of right handedness for all the subjects for the six tasks and their largely 

random distribution across the scale. The distribution of right handedness for the 

sixth task, detaching items from large fruit, does show a slight drift towards left 

handedness with individuals being clumped below the 50% line. 

The second test conducted by Byrne and Byrne compared the set of hand indices 

against a null hypothesis of a symmetrical distribution with a 50% mean. As the 

vervet subject numbers were low it was only possible to break each task into four 

groups (0 - 25%, 26 - 49%, 51 - 75% and 76 - 100%). The expected frequencies 
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Figure 5.1 A graph demonstrating the lack of a bi-modal distribution for the six tasks 

considered. The horizontal lines represent the right hand preference for each 
individual for that task: 
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were calculated on the basis of equiprobable L/R for each pair of levels of preference 

index (giving four bands). Using a chi-square goodness of fit test none of the tasks 

gave a difference from symmetry (termites x=2.88, df = 1, n. s.; leaf shoots x=4.56, 

df = 1, n. s.; sugarcane hold x=3.22, df = 1, n. s.; sugarcane detach x=1.0, df = 1, 

n. s.; fruit hold x=3.66, df = 1, n. s. and fruit detach x=5.82, df = 1, n. s). The lack 

of U-shaped distribution can be seen in figure 5.1 with many of the values around the 

50% line. 

Hopkins et al. (1993) used a different measure to calculate the consistency of right 

handedness across tasks, a mixed model analysis of variance on the percentage of 

right hand use for six tasks as repeated measures. In repeating the analysis a non- 

parametric Friedmans test was used (as the values to be analysed were percentages) to 
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consider whether there was an effect of right handedness across tasks. Data from 

fifteen animals for four tasks was used (consult table 5.5 for the scores). In an 

attempt to get the largest sample possible some animals were included for whom there 

was incomplete data sets across the four tasks. In these cases the median scores were 

calculated and recorded as missing values. 

Table 5.5 Showing right hand preference for fifteen animals for four tasks: 

Subject Task 1 Task 2 Task 3 Task 4 
AAlpha 91 52* 67 47 
ABeta 8 27 51* 70 
AFour 68 24 54 48 
AWhisn 61 52 69 63 
BLegs 58.5* 39 36 38 
ABlindy 31 17 51* 41 
ASF2 79 74 47 81 
ASF3 59 28 51* 31 
APushy 27 57 0 36 
BPupa 58.5* 52 46 26 
ALSF2 58 80 67 39 
AWhijn 24 52* 45 17 
BWingjn 58.5* 60 48 20 
BBi 58.5* 60 57 33 
BFi 58.5* 60 69 69 
Average 50.6 48.5 50.4 43.9 

Where Task 1= termite feeding, Task 2= leaf shoot eating, Task 3= detaching from 
sugarcane, Task 4= detaching from large fruit. 
Note: to increase the data set subjects were used for whom there was inadequate or 
no data for one of the four tasks (task varied depending on the subject). For the 
analysis missing values were unacceptable, as a result the median scores were 
calculated as these would have no impact on the direction of the test. Median scores 
are indicated by the * symbol. 

The mean percentages of right hand uses for termites, leaf shoots, detaching from 

sugarcane, and detaching from large fruit were 50.6%, 48.5%, 50.4% and 43.9% 

respectively. The results were not significantly different from chance, for the four 

tasks there was no difference in handedness across tasks (x = 0.98, df = 1,3, p= 

0.81). However, Hopkins et al. (1993), used a parametric ANOVA to calculate the 
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consistency of right handedness across tasks, for a direct comparison I repeated the 

test using a parametric ANOVA, and the results remained non-significant (ANOVA F 

ratio = 1.7896) d. f. 1,49, p=0.11); the animals did not show significant hand 

preference among the tasks. 

Consistency Across Tasks 

Although the number of significantly lateralised scores were very low it is still possible 

to consider whether the animals were consistent in their preference across the tasks. 

Taking the four unimanual tasks, termites, leaf shoots, sugarcane detach and large 

fruit detach from the summary table 5.3, the most common pattern is a mixture of left 

and right hand preference (on two or more of the tasks). Nine of the subjects only do 

one of the tasks and have not been considered here. Of the remaining 30 animals, 22 

of them use both their left and right hands across the tasks. The remaining eight 

animals are split equally between a left hand preference (BLegs, ABlindy, AWhijn and 

ABli) and a right hand preference (AWhisn, BCheek, BFurry and BFi). 

This apparent lack of task consistency was tested by calculating Pearson correlations 

between tasks in the indices of hand preference, from table 5.2. In addition, the 

intercorrelations between the strengths (calculated as the absolute value of the index's 

deviation from 50%) of preference on each task were calculated. The results are 

presented in table 5.6. As suggested, there was no apparent consistency in direction 

of hand preference across the four food tasks. However, there was a significant 

correlation between sugarcane holding and detaching. The difficulty the animals had 

in processing this item may have encouraged the use of the dominant hand on more 

occasions than in the other tasks. The pattern was not repeated for fruit holding and 

detaching. 
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Table 5.6 Correlations in direction and strength of preference across animals: 

DIRECTION Termites Leaf Shoots S'cane hold S'cane detach Fruit hold 
Leaf Shoots 0.27 

= 0.446 
S'cane hold -0.35 0.38 

= 0.443 p=0.272 
S'cane detach 0.63 0.21 -0.62 

p=0.133 0.53 p =0.008** 
Fruit hold -0.29 -0.10 0.21 0.04 

=0.36 p =0.74 =0.449 =0.893 
Fruit detach -0.03 -0.03 -0.18 -0.02 -0.31 

=0.911 p=0.908 p=0.514 p=0.933 p=0.148 

STRENGTH Termites Leaf Shoots S'cane hold S'cane detach Fruit hold 
Leaf Shoots -0.09 

= 0.807 
S'cane hold -0.24 0.02 

p=0.559 = 0.954 
S'cane detach -0.07 -0.22 0.44 

p =0.889 =0.52 =0.074 
Fruit hold -0.16 -0.33 -0.31 -0.54 

p=0.625 p=0.28 p=0.255 = 0.045 
Fruit detach _ 

-0.21 -0.24 -0.22 -0.12 0.00 
p=0.436 p=0.361 p=0.402 p=0.657 p=1.00 

All probabilities are two-tailed significance of Pearson's R. 

Where *p>0.05 & ** p>0.01 

A more consistent pattern may be predicted in the two foods which combine holding 

and detaching, with animals showing a consistency of hand preference across the hold 

and detach tasks. If an animal shows a left hand preference for holding sugarcane, we 

might predict that they would also show a left holding preference for fruit. Taking the 

hand preference for the two holding tasks for sugarcane and large fruit, 14 subjects 

did both tasks. Of those 14, there appeared to be no consistency in hand preference 

with 7 animals using left and right hands to perform the tasks and 7 animals were split 

evenly between left and right, four were consistently left handed (AFour, BBrutus, 

ABug and BFi) and three right handed (BPupa, BV and AWhijn). Sixteen animals did 
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both detach tasks, 7 of them used both left and right hands in performing the 

detaching tasks. For the 9 subjects who did show a consistent hand preference there 

was a tendency to be left handed, with 6 showing a left preference (AFour, BLegs, 

APushy, BPupa, AWhijn and BWingjn) and only 3a right hand preference (AWhisn, 

BCheek and BFi). Therefore, it seems that overall the subjects were not consistent 

across tasks, while the few individuals who were consistently left or right handed 

were split evenly across the population. This lack of a pattern between the two types 

of task, holding and detaching, are reflected in the table, 5.6. There was no significant 

relationship for either sugarcane/fruit detaching or holding. A strength of preference 

across tasks was also absent with one exception; only one combination of tasks was 

significant, there was a close correlation between hand preference patterns for 

sugarcane detaching and holding fruit. 

MacNeilage et al. (1987) predicted a left hand reaching preference while the right 

hand would perform the manipulative abilities. From the summary table 5.3, there are 

25 animals who do at least one reaching and one detaching task. Of those 25, only 3 

go in the direction predicted by MacNeilage. In this study the reverse of the 

prediction was stronger with 11 out of 25 animals having a right hand reaching 

preference and a left hand manipulative preference. The remaining subjects were split 

equally between using the left hand for both tasks (4/25) or the right hand for all tasks 

(3/25), and 4/25 who used a combination of left and right for either reaching or 

manipulation. 

Relationship of Hand Preference to Age and Sex of Individuals 

MacNeilage et al. (1987) proposed that immature animals are not lateralised to the 

same extent as adults, and there is increasing evidence that age does influence the 

direction and strength of hand preference. Independent groups t-tests were used to 
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evaluate differences in the right hand preferences for the six tasks across age and sex 

classes. 

Of the six tasks, two gave a significant result for age. Leaf shoots show a significant 

difference between a left bias in adults and a right bias in juveniles (adult = 37.40, 

juvenile = 57.75, t= -2.98, df = 20, p<0.02). Large fruit holding also gave a 

significant difference in bias, and once again adults showed a left handed tendency 

(mean of 43.33) while the juveniles showed a right handed preference (mean of 55.56) 

(t = -2.38, df = 22, p<0.04). The four other tasks gave non-significant results, 

(consult table 5.7 for the summary). 

Table 5.7 A summary of the t-tests for independent samples for the direction of age 
(adult/juvenile): 

Task n 
(A: J) 

Mean 
Adult 

Mean 
Juv. 

T- 
Value 

d. f p * p>0.05 

Termites 11: 8 63.09 47.75 1.38 1,17 0.186 n. s. 
Leaf Shoots 10: 12 37.40 57.75 -2.98 1,20 0.012 
S'cane - Hold 11: 8 47.18 61.88 -1.46 1,17 0.164 n. s. 
S'cane - Detach 11: 8 53.73 47.75 0.68 1,17 0.505 n. s. 
Fruit - Hold 15: 9 43.40 55.56 -2.38 1,22 0.036 
Fruit -Detach 17: 14 47.47 38.14 1.09 1,29 0.283 n. s. 

Note: All tests were two-tailed. 

Even though the other four results were not significant the direction of the means is 

interesting, refer to table 5.7. In only one task was the direction of preference the 

same for both adults and juveniles, as mentioned earlier there appeared to be a left 

hand bias in the population for detaching from large fruit, and this pattern was 

supported by both age groups. In the other five tasks the directional bias was 

opposite for the two age groups. For two tasks, termite catching and detaching from 

sugarcane the adults showed a right preference to a juvenile left preference, while for 

the other three tasks (leaf shoots, holding sugarcane and holding fruit) the directional 
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bias was opposite with adults showing the left bias to the juveniles right hand 

preference. 

There is another alternative, it may not be the direction but strength of preference that 

is affected by age. Once again strength was calculated as the absolute value of the 

index's deviation from 50%. Independent t-tests were used to test for an effect of age 

on hand preference. In support of the direction of preference results, the same two 

results were significant for strength of preference, leaf shoot eating and holding fruit. 

In both tasks adults averaged stronger preferences than juveniles: for leaf shoots adult 

= 20.60, juvenile 8.75, t=2.97, df = 20, p<0.01; holding fruit adult = 7.73, juvenile 

13.78, t= -2.32, df = 22, p < 0.05. This is a measure of strength, therefore as the 

mean goes up the deviation from 50% increases. The results for all the tasks have 

been summarised in table 5.8. 

Table 5.8 A summary of the independent samples t-test for strength of preference 

with age (where A= adult, J= juvenile): 

Task n 
A: J 

Mean 
Adult 

Mean 
Juv. 

T- 
Value 

d. f p * p>0.05 
** >0.01 

Termites 11: 8 25.45 16.75 1.61 1,17 0.126 n. s. 
Leaf Shoots 10: 12 20.60 8.75 2.97 1,20 0.008 ** 
S'cane - Hold 11: 8 21.55 13.38 1.28 1,17 0.217 n. s. 
S'cane - Detach 11: 8 13.55 13.00 0.09 1,17 0.929 n. s. 
Fruit - Hold 15: 9 7.73 13.78 -2.32 1,22 0.030 
Fruit - Detach 17: 14 21.00 21.43 -0.09 1,29 0.928 n. s. 

Note: All tests were two tailed. 

Gender had no impact on the direction of handedness across the individuals, refer to 

table 5.9 for the summary of test results. Apart from detaching from large fruits and 

termite feeding all of the means for each sex were around the 50% area. The result 

for sex in detaching from large fruit again supports the general trend towards a left 
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hand bias for this task with both male and females having average means below 45% 

for a right hand bias. 

Table 5.9 A summary of the t-tests for independent samples of sex (male/female) on 
direction of preference: 

Task n 
M: F 

mean 
male 

mean 
female. 

T- 
Value 

d. f p 

Termites 8: 11 51.25 60.54 -0.81 1,17 0.431 n. s. 
Leaf Shoots 11: 11 44.63 52.36 -1.01 1,20 0.323 n. s. 
'Cane - Hold 10: 9 54.00 52.67 0.13 1,17 0.901 n. s. 
'Cane - Detach 10: 9 49.60 53.00 -0.39 1,17 0.703 n. s. 
Fruit - Hold 12: 12 47.50 48.33 -0.17 1,22 0.870 n. s. 
Fruit - Detach 15: 16 43.60 42.94 0.08 1,29 0.940 n. s. 

Note: all tests were two-tailed. 

However, as reported by Byrne and Byrne (1991), there could be a difference in the 

strength of preference between males and females. As before, strength of preference 

was calculated as the absolute value of the index's deviation from 50%. Independent t 

tests did not reveal an effect of sex on the strength of preference (see table 5.10 for 

the summary of results). 

Table 5.10 A summary of the t-tests for independent samples of sex (male/female) on 

strength of preference: 

Task n 
M: F 

mean 
male 

mean 
female. 

T- 
Value 

d. f. p 

Termites 8: 11 21.00 22.36 -0.24 1,17 0.817 n. s. 
Leaf Shoots 11,11 12.09 14.73 -0.58 1,20 0.570 n. s. 
'Cane - Hold 10: 9 19.00 16.00 0.47 1,17 0.646 n. s. 
'Cane - Detach 10: 9 15.20 10.11 0.86 1,17 0.400 n. s. 
Fruit - Hold 12: 12 10.33 9.67 0.24 1,22 0.815 n. s. 
Fruit - Detach 15: 16 17.07 24.56 -1.69 1,29 0.101 n. s. 

Note: all tests were two-tailed. 
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There was no overall pattern in the results The means were split evenly between 

males and females, in three cases females averaged stronger preferences and in three 

cases males averaged stronger preferences. 

In conclusion then it appears that age did have an effect on two tasks out of six, while 

gender had no effect on the direction or strength of hand preferences. 

The effect of hand injuries on individual handedness. 

Over the data collection period 15 individuals had injuries affecting the use of a 

forelimb. It is possible that the degree of handedness exhibited by individuals may 

have been affected by the injury. Ten of the injuries were incurred either before or 

after all the relevant individual's data had been collected. So for these ten individuals 

(ASF2, ABeta, BWings, ASorrow, BTwee, BFi, BLi, BBrutus, AAlarm and ABug) it 

is not possible to establish whether the injuries impacted on their degree of 

handedness. To establish what effect injuries may have had on handedness I 

compared the raw data counts for right and left hand use before and after the injury 

occurred. The results of the analyses have been presented in table 5.11. 

Table 5.11 Effect of injury on direction of handedness for a variety of tasks: 

Animal Injured 
forelimb 

Termites Leaf 
Shoots 

S'cane 
hold 

S'cane 
detach 

Fruit 
hold 

Fruit 
detach 

AFour R x <O. 001 n. s p<0.05 - n. s 
BTwee L - - n. s n. s n. s n. s 
ASF3 L x <O. 001 - - x x 
BBi L - n. s - x - n. s 
ABlind L - n. s x - x x 
Key: where R= right forelimb, L= left forelimb. For n> 100 chi-squared test was 

used, where n< 100 Fishers exact test was used. Cases where all the data was either 
collected before or after the injury are indicated by x Individuals who were not 
recorded for a particular task are indicated by a dash, -. 
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Out of the five individuals who provided data only two showed a significant effect 

(AFour and ASF3). AFour showed a significant change from using his right arm, to 

using his left arm after injuring his right arm. He was significantly left handed for leaf 

shoot eating. However, the trend was not consistent as he changed his dominant hand 

from left to right for detaching from sugarcane (overall AFour did not display overall 

handedness for this task). ASF3 predominantly used her left hand before injuring it, 

after the injury there was a significant change to using her right hand, although overall 

she remained significantly left handed for leaf shoot processing. However these 

results must be handled with caution, the number of lateralised events before AFour's 

injury and after ASF3 's injury were low (22 out of 208 and 20 out of 82 

respectively). This only leaves one incident of an injury affecting handedness and 

even then the overall handedness for the task was non significant. Due to the very 

low numbers affected by hand injuries no attempts were made to partial them out. 

Conclusions 

Low individual hand preference was found for 5 out of 6 tasks, only termite catching 

seemed to produce a hand preference (though not significant across individuals). The 

was no effect of hand preference across the population, although there was a 

suggestion for left hand preference when detaching from large fruit. Individuals were 

not generally consistent across tasks, but there was some evidence for a right hand 

reaching, left hand manipulation preference. Age influenced two of the tasks (leaf 

shoot eating and holding large fruit) in both direction and strength of the bias, while 

gender had no effect on laterality bias. 

MacNeilage et al. (1987) proposed that for visually guided behaviours a population 

left hand preference is expected for prosimians, monkeys and perhaps for apes, while 

the right hand shows a bias for complex manipulations in monkeys and apes. The 



197 

evidence from this study of wild vervet monkeys did not support this theory. For two 

visually guided tasks (termite catching and picking leaf shoots), there was no 

population bias; while for two tasks involving manipulation, only one showed a 

possible population bias, and that was in the opposite direction to the proposed theory 

with the majority of the population showing a left hand bias for precise manipulation 

behaviours. 

The monkeys in this study only showed a strong hand preference for one task, 

catching termites, while for the others the hand preference was weak, and for one 

task, non-existent (holding large fruit). This result is inconsistent with those found by 

Beck and Barton (1972) and Byrne and Byrne (1991) who found that preferences 

tended to become stronger with tasks of increasing complexity (although this was not 

the case for one task, thistle leaf, in the Byrne and Byrne study). Termite catching 

involved ballistic hand reaches to capture either flying termites or termites moving on 

the ground, followed by removal of the wings with one hand. This task can be 

considered to be the simplest, as once caught the processing was minimal. Although 

leaf shoot eating involved a static object, the preferred leaves tended to be at the ends 

of branches requiring balance and precision grasping to successfully acquire the 

desired shoots, with some individuals processing the leaves further. Both sugarcane 

eating and large fruits involved processing to reach an embedded food source and 

therefore can be considered more complex food items, their main problem being that 

they were large, requiring two hands. Lateralised functions within these two food 

categories were very low and appeared not to be relevant for successful processing. 

It may be that symmetrical holding was the most efficient way to handle these two 

large items and elements could be performed as successfully with the mouth as the 

hands, leaving them to hold the item. 

There was little evidence of a population trend for any of the tasks. However, the 

task, detaching from fruit, did give a suggestion that there was a left hand bias within 
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the population; the task was only significant in one out of three tests, where left and 

right handedness was tested against a null hypothesis of 50: 50 sorting. Byrne and 

Byrne (1991) found population trends for three out of four feeding tasks performed 

by mountain gorillas, but these were significant only with another test, that of 

symmetry of the degrees of preference. It must be remembered that Byrne and Byrne 

used the animals who were significantly lateralised for their analyses while all the 

animals were used in this study, regardless of whether they showed a significant 

handedness or not. This is reflected in the second test (the chi-square goodness of fit 

test) where the vervets' actual curve of distribution was not significantly different from 

chance. The majority of the animals were clustered around the 50% area with no 

skew in either direction. For detaching from large fruit, even though there seemed to 

be more left handers, the cluster was in the 26-49 % range and was balanced by those 

with a right hand bias in the opposite quarter of the range. 

When considering reaching tasks alone, it is perhaps surprising that these monkeys did 

not show a population preference. Several recent studies on monkeys have found 

significant population bias for food reaching tasks. Both Masataka (1990) and 

Costello and Fragaszy (1988) found a right handed bias for reaching in capuchins. 

King (1995) worked with tamarins, looking at the retrieval of a stationary and a 

moving cherry, and found that both conditions resulted in a strongly bi-modal 

distribution with the tamarins being either strongly left or strongly right handed. 

Although the vervets in this study were lateralised for termite feeding it is hard to 

make a statement in favour of any of these three scenarios. Of the nineteen animals 

13 were strongly lateralised, split between 8 right and 5 left. When considering the 

distribution of all the subjects, 11 fall within the middle of the scale, between 74% and 

26% (percentage right handed). Therefore it seems that these monkeys do not fall in 

any of the previously found monkey patterns for reaching tasks, they showed neither a 

left nor right population bias nor were they strongly bimodal in their hand preferences. 
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However, this lack of a population trend is in support of the majority of the literature 

for a variety of reaching tasks, where studies which have included more than 10 

subjects they have tended to find no population trend in any one direction for apes and 

the same is equally true for monkeys. In a review by Fagot and Vauclair (1991) it 

was demonstrated that the current literature for monkeys suggests no population 

trend for directional bias in handedness. For example, from 17 studies on the genus 

Macaca 16 gave no bias and 3 out of 3 studies on Papio gave no population bias 

either. The tasks performed by these vervet monkeys appear to reflect the results 

found by many other researchers considering laterality, non-human primates do not 

exhibit population trends for a bias in hand preference. 

Various studies have shown individual monkeys and apes to be consistent across tasks 

in their hand preference. However, Fragaszy and Mitchell (1990) tested seven 

capuchin monkeys and found them to be inconsistent across unimanual and bimanual 

experimental tasks. The current study showed a similar pattern with the majority of 

the animals being inconsistent in their hand use. For instance, the two visually guided 

behaviours resulted in five out of the ten subjects using both left and right hands, and 

nor were the bimanual tasks predictable with half the animals in each case using both 

hands, while those who were consistently lateralised were split equally between left 

and right. It is possible that these four food items did not require strong lateralised 

preferences. 

Within the literature there has been a suggestion of differences in the strength and 

consistency of hand preferences between immature and adult subjects. MacNeilage et 

al. (1987) proposed that immature animals are not lateralised to the same extent as 

adults and therefore will bias population-level conclusions in favour of the null 

hypothesis. Once again the results of age and sex effects is inconsistent within the 

literature. Ward et al. (1990) found hand preferences in prosimians to be significantly 

correlated between age and the strength of lateral bias and Westergaard and Suomi 
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(1993) reported an increased incidence of right-hand preference with age among 

capuchins. Another positive example was Boesch (1991) who reported that right 

hand preference for nut-cracking was significantly higher for young chimpanzees 

versus adults. Byrne & Byrne (1991) found no age effect in the direction of bias but 

did find a difference between males and females in the strength of the bias in mountain 

gorillas (their sample excluded unweaned infants). King (1995) studying cotton-top 

tamarins found no age or sex effect for spontaneous grasping. Less regularly the 

effect of gender is mentioned, this is unlikely to have a large influence for monkeys 

were sexual dimorphism is small in comparison to apes where sex dimorphisms in 

neural anatomy have been reported. 

In vervets, age had a significant effect in two tasks, the reaching task of picking leaf 

shoots and the bimanual task of holding large fruit. Both showed an adult left handed 

preference but a juvenile right handed preference. Indeed, in five out of the six tasks 

the juveniles showed an opposite hand bias to the adults. If MacNeilage is right then 

it is possible that the lack of population trends was caused by juveniles showing less 

strong preference than the adults. However in the only significant case, the juveniles 

showed a stronger left handed preference than the adults, with both age groups 

showing an overall left preference. Therefore it would seem that MacNeilage was 

over simplifying the situation; it is possible for adults and juveniles to show different 

lateral bias, but it is also possible for the combination of adults and juveniles to 

strengthen population bias, as in the case presented here. The lack of gender effect on 

lateral bias found here supported several other reports, for example Lehman (1980), 

Vauclair and Fagot (1987), King (1995), although Ward et al. (1990) found that 

males predominantly used their right hands while females had no overall preference. 

Bennett et al. (1995) discuss the relationship between diet and laterality in feeding and 

conclude that is has not been fully explored as a possible factor in species differences 

in the strength of lateral bias. They suggest that species such as the gentle lemur 
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(Hapalemur) which eats only one species of bamboo may have more stereotyped 

feeding styles and consequently more strongly lateralised feeding behaviours than 

species such as ring tailed lemurs (Lemur catta) whose diet includes a wide range of 

foods that require a diverse repertoire of foraging and processing skills. This may 

explain why the vervet, a feeding generalist, showed such low levels of laterality. 

Another issue to be raised is that most of the studies on monkeys have only 

considered simple reaching tasks and where manipulative abilities have been 

considered they have involved artificial "non-monkey" tasks, such as opening a hinged 

box for a food reward (Fragaszy & Mitchell 1990). It may be that the laboratory 

based experiments are producing artificially strong hand preferences. Laboratory 

environments are impoverished, both sensorily and motorically, by comparison with 

the natural habitats and so are likely to produce artificially strong results (Marchant & 

McGrew 1991). 

Compared to other monkey species such as the macaques and capuchins who have 

been widely studied the vervets in this study proved to be highly non-lateralised for 

the food items analysed. They did not show strong individual hand preferences for 

even simple reaching tasks and virtually none for more complex manipulative tasks. 

Any possible population effects would be harder to detect because of this lack of 

significant individual handedness. 
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Chapter 6 

A Method for Simplifying Sequential Data Without Loss Of 

Significant Variance 

Introduction 

In this chapter I will present the method used to simplify the sequential data on food 

processing. Chapters 3 and 4 have shown that the animals were being highly 

idiosyncratic in their use of grips, while in chapter 5 the animals were shown to exhibit 

laterality for only one food type, termites. The question to be considered in this 

chapter is whether the large amount of idiosyncratic use of grips and any laterality 

effect could be reduced into functionally equivalent groups to allow easier 

interpretation of the sequential data. 

In order to study the techniques used by individuals to process a food item it was 

necessary to use a method which could read the strings of code within a data file. The 

data had to be organised so that it would be possible to identify those sequences used 

most often by an individual. To do this by hand would have been long and tedious 

work, therefore a computer programme was required which could present the data in 

a more coherent form; on advice from John Henderson of the University of St 

Andrews Computing Department, matrices of transition frequency between 

sequentially adjacent elements, were chosen as the most effective way to organise the 

sequential data. 

The Problem 

At the end of the fieldwork period the data were organised into a series of files, one 

for each animal eating each food type (termites, leaf shoots, sugarcane and large 
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fruit). Within each file the data was organised into individual bouts, each bout 

consisting of a string of elements, describing the food processing. The following 

example is taken from one of BPupa's files, giving the description of one bout of fruit 

eating: 

hold 2 p-s, bite off, eat, bite off, eat, bite off, eat....... hold L p-s, bite off, 
take out R p-s, bite off R, eat, discard R, hold 2 PI, bite off, eat...... bite 

off, eat, scrape, eat, scrape, eat, scrape, eat, bite off, eat, bite off, eat, 
chew, discard /. 

Each action within the sequence describes the element first, then the hand used to 

perform the element and then the grip. For example, the initial hold was a two handed 

pad to side precision grip, then the right hand was used to remove an item from the 

mouth in a pad to side grip while the left hand held the main piece. Once the item in 

the right hand had been processed the main piece was again held in two hands, this 

time with a platform support grip for further processing. 

By the end of data collection there were 126 individual files; each file including at 

least 50 mouthfuls of food consumed by that individual. Every file contained a 

number of bouts of food processing. Each bout contained a string of unique codes. 

Each code was made up from a possible 53 elements (refer to chapter 2 for the full list 

of definitions; only five of these elements were not in fact recorded), 3 categories of 

hand laterality (left, right or two handed) and 28 types of grip (of varying hierarchical 

description, refer to figure 3.4 for the complete definitions). In processing just four 

food types, 325 different codes had been identified. 

Creating matrices of element sequencing 

To work out how many times each unique code (where a unique code is the 

combination of an element, laterality and grip type) followed the last, a programme 
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was required. A programme was written for me by John Henderson of the 

Computing Laboratory, University of St Andrews, to be used on the Sun UNIX 

system for SPSS version 4.0. This first turned the bouts into long strings of unique 

codes, then calculated the number of times each unique code followed the last and 

give the total number of times each unique code was used. The programme could 

identify every unique code from all the data sets. This list was checked for any typing 

or coding errors which were then located in the text for the individual food file and 

corrected. This resulted in a complete list of every element, hand choice and grip 

choice for all the individuals eating the four foods. The next part of the programme 

took an individual file and turned it into a single string of codes; the end of each bout 

within the string was identified in the programme, using a separate code. The 

programme then computed the number of times each unique code followed the last. 

The data was presented in the form of a matrix. The matrix gave a count for the 

number times any two codes were used in succession and how many times each 

unique code was used in total. An example of a matrix has been presented in table 

6.1, showing all the unique codes used by BPupa to eat large fruit. The "previous" 

code is listed along the top and the "next" code in the sequence down the side of the 

table. 

In this form the tables were useful for extracting information but they were large, and 

the totals for many elements very low. The problem was exacerbated by the large 

number of grip combinations used for the same element. Many elements were 

repeated as animals tended to use both left and right hands. For example, from table 

6.1, BPupa used both left and right hands for the elements bite off, discard, the single 

hold spherical, pick up and take out. The example given in table 6.1 is a 
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relatively small matrix with only 27 by 27 cells, some of the data sets produced far 

larger matrices, for example, the data for all the sequential processing by AFour 

eating sugarcane produced an 81 by 81 cell matrix. Much of the variation appeared to 

be with the choice of laterality and the grip types used. For example, for the element 

hold, BLegs used his left hand for five single handed grips and his right hand for five 

single handed grips. There were four symmetrical hold grips and 12 asymmetrical 

combinations. For the 73 other elements used by BLegs to process sugarcane, 13 

were used by one hand, and/or the other, while two other elements were used with a 

variety of grip combinations. 

With so many potential grip combinations and elements, identifying the common links 

between unique codes in the matrices was very difficult. I was concerned that data 

for the common pathways (frequently used sequences of actions) was being affected 

by the high levels of idiosyncratic grip usage and by the use of the left or right hand. 

It was therefore necessary to find a point where the categories used would pinpoint 

any interesting variation between animals, without losing important information 

concerning how the individual monkeys were processing their food. 

Reducing the matrices 

1. Does laterality matter? 

Chapter 5 established that these monkeys had very low individual and population 

handedness. The question I now asked was whether an element performed with the 

left or right hands influenced the next element in the sequence. The matrix provided 

the means to establish exactly what the next codes (the element, laterality and grip) in 

the sequence were. For each element used with either the right or left hand all the 

possible elements that occurred next were analysed to see if laterality was affecting 



207 

the next element in the sequence. In most cases only one or two elements were 

regularly used next, with other possible elements occurring at such low levels that it 

was hard to establish if laterality was having any effect on their usage. Where 

necessary a chi-square test was used to establish whether laterality was affecting the 

next element in the sequence. This procedure was performed for every animal. Using 

table 6.1 as an example; the code bite off L is followed by either discard L or eat; bite 

off R is followed by either discard R or eat. These two codes are functionally the 

same and can therefore be treated as a single code. At no point in the analysis was 

laterality found to affect the next element in the sequence. Elements used with the left 

and right hand were therefore combined for further analysis. 

2. Does grip type matter? 

The next question was to ask if an element had the same effect within a sequence, 

regardless of the grip that characterised its use. This decision was only really an issue 

for large fruit and sugarcane where a large number of grip types were used in food 

processing. If the next element in the sequence was consistent across bouts and 

between individuals regardless of the grip being used, then I assumed it was being 

used for the same function. 

In chapter 3, I presented the grips in a form of hierarchy, the lowest level of the 

hierarchy described the grips at their most detailed description; moving up the 

hierarchy resulted in grips being grouped together under super-category headings, the 

definitions becoming broader, see figure 6.1. However, it must be remembered that 

this hierarchical classification was arbitrary, and the divisions created for ease of data 

collection. It was now necessary to establish whether any of the grips were 

functionally significant and could therefore be grouped together. 
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The first step was to take each pair of grips at the lowest level (most detailed level) of 

the hierarchy and compare their effect on the next element in the sequence, within 

each bout of processing and for each individual. For example, the grips C2 and C3 

(see figure 6.1) were compared for their effect on the next element: none was found, 

so they were combined for further analysis. Many of the subsequent elements 

occurred at such low frequencies that it was not possible to tell if they were being 

affected by either one of the grips. When the effect on the next set of elements was 

not clear a chi-square analysis was performed to establish whether there was an effect 

or not. If the pair of grips was not affecting the next element then the next level in the 

hierarchy was considered. Continuing the example of C2 and C3, now combined in 

the category, whole hand grasp: whole hand grasp was compared against the effects 

of cylindrical (figure 6.1, squeeze grip was not used by any of the monkeys) on the 

order of the next elements. This method of analysis was performed on each section of 

the hierarchy, starting at the lowest level and continuing up the hierarchy until there 

was an effect on the next elements in the processing sequence. Only when the effects 

of cylindrical and round were compared was there a clear difference in effect for 

power grips. All the grips below the point in the hierarchy which had no effect on the 

subsequent elements in the sequence could therefore be considered as functionally 

equivalent and added together. 

For single handed power grips the functionally significant point was therefore, 

whether the object was held in a cylindrical or round grip (refer to figure 6.1). 

Below this categorisation, finer differentiation did not affect what the next element in 

the sequence would be. In the example presented above, grips coarsely categorised 

cylindrical, whole hand grasp, or specified as C2 and C3 resulted in similar 

distributions of the next element, but round did not. For precision grips, classification 

at the most detailed level did not affect the next element, but whether it was a 

precision grip or another type of grip did, refer to figure 6.1. Three support grips 
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were used, but the type of support was not found to have an effect. Therefore it was 

possible to reduce the single handed grips into only five functionally significant 

groups: cylindrical, round, precision, support and hook. 

It was then necessary to repeat the whole procedure for the two handed symmetrical 

grips. Using the same procedure as described above it was found that the same 

groups of grips were functionally equivalent, that is two handed cylindrical, round, 

precision, support and hook. 

The last group to be considered were the two handed asymmetrical grips. They posed 

a problem as the combinations could be from different levels of the hierarchy, for 

example a common combination in the data was cylindrical pad to side. Cylindrical 

is a coarse category of grip description while pad to side is a detailed description of a 

precision grip. In this example the first step was to establish that all the related grips 

at the more detailed level below cylindrical, when combined with pad to side had the 

same effect on the next elements in the sequence. As was found with single and 

symmetrical use, cylindrical was the point which effected the next element. 

Cylindrical was then compared in combination with all types of related precision 

grips; the point at which the grip had an effect was once more at the precision level of 

the hierarchy and not lower. Therefore in this example, for any combination of grips 

below the cylindrical precision points in the hierarchy (figure 6.1) there was no effect 

on the next elements in the sequence, above this point there was an effect. This 

procedure was performed for all the various grip combinations. The functionally 

important groups for asymmetrical holding were: cylindrical, round, precision, 

support and hook. Therefore, it was possible to revise the codes so that elements 

used in many variants with alternative grips could be collapsed into functionally 

equivalent groups. All such functionally equivalent elements were collapsed for 

further analysis. 
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When functionally equivalent codes are lumped, the number of codes fell from 325 

unique codes to 87 "edited codes". These edited codes continued to distinguish 

whether an element was used by one hand, two hands or the mouth, and distinguished 

20 different codes for grips. The edited codes for grips and laterality obviously 

resulted in much smaller matrices. The following example shows how the 13 unique 

codes for the element take out were reduced to just six with the edited version: 

take out 2H Cy take out 2C 

take out 2H Sp take out 20 

take out 2p-s 

take out LC2 

take out LC3 

take out LCy 

take out LSp 

take out Lps 

take out RC2 

take out RC3 

take out RCy 

take out RSp 

take out R p-s 

KEY: Cy - cylindrical 
Sp - spherical 

p-s - pad to side 
L- left hand 

R- right hand 

take out 2Pr 

take out C 

take out C 

take out C 

take out 0 

take out Pr 

take out C 

take out C 

take out C 

take out 0 

take out Pr 

C- cylindrical 
0- round 
Pr - precision 
2- two handed grip 

Following the example used before, BPupa eating fruit, the new matrix using the 

edited codes was only 22 by 22 cells (table 6.2). 

Using Henderson's computer programme, I edited all 126 data files, collapsing 

codes and forming new, "edited matrices". The resulting matrices retained all the 



N 

N 

4-ý 
O 

N 

Up 

-0 
U 

L-r U 

+-ý U 

U 

"e rA 
bÖ 

d 

Ö 

40, 
Ic (Ii 
03 UO 

O 

=s Ö 

'sue 

N 

', F U 
U cd 

a 
4-4 

3ýc 

CC) 

UV 
Z "0 

cd 
N 

_cm CU (A HQ 

pip N N 1ý N M ýO m ö 
00 v iý 

f-" 

O r 

v ý" m 

'a I 

'O 
p N 
ý± 

U N 

. L' 

O 
m 

00 d N N M 

ýO N 
N 

b 

Ü 
N N 

b 

kf) 

-c 
b C A4 

Cn 
6 -o A C 

N - mo y 
ýý 

v - - - O 
b 

r > Y 
ry y o V F" 0 ° 

ö E ö x ý o - . , - O 
- 

c O o 0 U o 



213 

information necessary to construct an animal's most common sequences of elements 

used in food processing. This is the topic of the next two chapters. 
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Chapter 7 

The Processing Skills Used By Vervet Monkeys For Foods Of 
Varying Complexity. 

Introduction 

The aim of this chapter is to examine how vervet feeding skills differed for foods of 

varying complexity. The aim is to create flow diagrams representing the minimal 

decisions of the animal, and from these compare the various different pathway choices 

across animals. Four independent variables; troop membership, age, gender and 

relatedness, are examined in an attempt to explain the variation thus exposed in 

individual's choice of pathway. 

Originally I had hoped to "trace" all the pathways (an ordered sequences of actions) in 

the matrix, to construct each monkey's processing skills. However it soon became 

evident that the number of pathways was immense. For example, I mapped out every 

pathway used by AAlpha to eat sugarcane, finding more than 100 separate pathways. 

It seemed most likely that this represented behavioural variability of little significance, 

therefore some further data reduction was desirable. The "cut off point" must 

pinpoint interesting variations between animals. In other words, the information 

necessary to construct a useful representation of the animal's food processing has to 

be established. The most effective way to describe the process that I used to make 

this decision, is to take one of the food types and step by step explain how the data 

was reduced to a more manageable level and evaluate the results at each stage. 

Termites were the simplest of the foods to process, generating the least number of 

elements and pathways. The processing of this food type will be examined in detail to 

establish the novel method used to analyse the sequential feeding data. 
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To look at the variability of repertoires across animals, the programme described in 

chapter 6 was used to assimilate all the sequential data into a matrix of element 

sequential frequencies for each subject. The "unique codes", that is, the finest level of 

categorisation I used, were used to analyse termite feeding as the behavioural 

repertoire was small for this food. The "edited codes", collapsing functionally 

insignificant variants, were used for the other three foods. 

How Do Monkeys Eat Termites? 

In order to reduce the combinational complexity of elements to a functionally 

interesting level, analysing only the more frequent pathways, a "cut off' point was 

chosen, based on frequency of use. The transitional probability value of 0.05 was 

finally chosen (where the transitional probability is "number of times code performed 

divided by total number of previous code performed"). I experimented with a higher 

value but this resulted in collapsing all the animals to a "lowest common denominator" 

of basic structure: even for more complex food items the result was just 3 elements 

(hold, bite off and eat). Using 0.05 appeared to give a balance between too much or 

too little variation. 

All the pathways began with a start point; then a path of codes (element plus hand 

plus the grip) subsequent to this initial point was followed only if the next code had a 

transitional probability over the required 0.05 cut off. Thus, each string of subsequent 

sequential codes may be considered a "pathway" of relatively high frequency of usage. 

For example, the adult female AWhiF used only 5 actions, described as unique codes, 

to eat termites, presented in the table 7.1. The matrix presents a previous code (the 

vertical columns) and subsequent code (the horizontal rows). The values represent 

the number of times each code followed the last: 



216 

Table 7.1 The matrix for AWhiF processing termites: 

start eat pickLp icku L pickupR pop-in TOTAL 

eat 77 1.0 77 

pickLp 1 0.001 1 

icku L 13 0.17 13 

icku R 1 63 0.81 64 

pop-in 1 13 1.0 64 1.0 77 

TOTAL 77 1 13 64 77 232 

KEY: the figure in the left hand of each column is the number of times the code (the 

row) follows the previous code (the column), the value in the right hand of each 

column is the transitional probability of the present code (the rows) following the last 

code (the column). Lp = left pad to side Rp = right pad to side. Refer to table 2.4 

for definitions of elements. 

This individual always starts eating with the element pick up Rp, the element pop-in 

always follow (transitional probability 1.0), and eat always then follows pop-in. 

There are three elements which follow eat; pick Lp, pick up Lp, pick up Rp. 

Following eat, pick Lp is only used at transitional probability 0.001, therefore in 

constructing the sequence diagram this pathway is not used. The other two elements 

are used subsequent to the element eat above the criterion, at transitional probability 

0.17 and 0.81 respectively. These two codes (pick up Lp and pick up Rp) are always 

followed by pop-in. This shows how the matrix provides an easy method to pick out 

the more commonly used pathways and to ignore the rarer ones. 

The commonly used sequences can be represented in the form of a "sequence 

diagram" which shows each commonly used sequence and how they interconnect. 

For example figure 7.1, the sequence diagram for AWhiF. 
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Figure 7.1 Sequence Diagram showing all the commonly used sequences of 

processing steps by the adult female AWhiF, to eat termites: 

PickUp Lp 

S 

PickUp Rp 
Pathway 1 

1.01.0 

0.17 

Pathway 3 

Pop In 

L1.0 
- Eat- 

0.81 

Pathway 2 

KEY: The arrows indicate the direction of a pathway. The numbers next to the lines 

show the frequency of use of that pathway (expressed as a transitional probability). 
The three pathways have been indicated although they do not occur in any order. For 

a full set of definitions for elements refer to chapter 2, table 2.4. L and R refer to the 
hand used, p= the grip pad to side. 

Note that creating the diagrams does result in some loss of information. When two or 

more independent sequences interconnect the diagram gives no information as to 

which alternative element is next in the sequence. For example 

Element A Element B 

Element C 

Element D Element E 

the diagram gives no information on whether the common sequences are A-C-E and 

B-C; or B-C-D and A-C; or A-C-D and B-C-E; or all of these. 
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Using this method a sequence diagram was constructed for each animal eating 

termites. Just the same pattern as that for AWhiF was found for four other 

individuals (ASF4, ABeta, ABug and ALSF2: refer to appendix 1 for all the 

diagrams), only the degree to which each sequence was used varied (that is, the 

transitional probabilities were not the same; the sequences, however, were the same). 

In fact, all fifteen subjects incorporated the sequences found for AWhiF, but the other 

10 subjects in this data set also used more sequences in processing termites. 

Six subjects used one other pathway in addition to the basic pattern, but the pathway 

was not the same across the animals. For example, in figure 7.2a, AAlpha used the 

pathway pop-in - pull off R, but AScrap used the pathway pick up pr - bite off R, 

figure 7.2b: 

Figure 7.2 Diagrams showing the other sequences used by individuals to eat termites 

(taken from the complete sequence diagrams,, appendix 1 

7.2a 7.2b 
0.06 

pop-in-ý pull off R 
11.0 

eatdiscard R 
1.0 

7.2c 
pick up Rp 

\o. 06 

smell R 

1.0 

discard R 

pick up Rp 
\0.05 

bite off R 
/1 

.0 eat 

7.2d 

pop-in 
1.0 
Grab R 

eat 0.05 
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7.2e 7.2f 
S 

pick up lips pop-in S 
1.0 

1.0 
IT0.08 0.92 

Grab L pick up lips 
Eat 1.0 

0.07 eat 0.05 

KEY: The arrows indicate the direction of a pathway. The numbers next to the lines 

show the frequency of use of that pathway (expressed as a transitional probability. 
For a full set of definitions for elements refer to chapter 2, table 2.4. L and R refer to 
the hand used, p= the grip pad to side. 

ALWhi used the pathway pick up Rp - smell (7.2c) but both ASF2 and AAlarm used 

the pathway grabR, 7.2d (the values provided are for ASF2). The adult female AScar 

used a different pathway in addition to the basic structure, pick up lips - eat, figure 

7.2e, ABlindy used the same pathways as AScar plus the pathway grab - popin, figure 

7.2f, used by ASF2 and AAlarm. The last three subjects in this data set (AFour, 

AWhijn and APushy) combined a number of the pathways shown above with the basic 

structure found originally with AWhiF. For example, AFour combined grab L, grab 

R and pull off R while APushy used grab L and pull off L (refer to appendix 1 for the 

complete sequence diagrams). The juvenile female AWhijn used the most number of 

pathways, the whole of her sequence diagram has been included for comparison 

(figure 7.3), to show how the simple basic structure used by AWhiF has expanded to 

include many other possible pathways: 
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Figure 7.3. Sequence Diagram showing all the commonly used pathways for the 

juvenile male AWhijn, eating termites: 

0.72 

S 

Pick Up Lp 

S 

Pick Up Lp 
0.93 0.93 

0.36 0.1 

. 
05 0.06 0 

PuII Off L Pop In > PuII Off R 

.11.0 
J, 

0.89 1.0, ý 

Discard L 0.55 0.86 Discard R 
Eat 

z 

1.0 

I "" 
x 

0.19 

0.05 

Pick Up Lips ý_ S 

KEY: The arrows indicate the direction of a pathway. The numbers next to the lines 

show the frequency of use of that pathway (expressed as transitional probability). For 

a full set of definitions for elements refer to chapter 2, table 2.4. L and R refer to the 
hand used, p= the grip pad to side. 

From sequence diagram to flow diagram 

The next stage was to use individuals' sequence diagrams to attempt to represent the 

possible decisions made by each animal. The sequence diagrams provide the 

information on those pathways most commonly used, but it was now necessary to 

consult the original data, to establish why animals chose one pathway over another. 

The first thing that had to be established was whether the conditions which caused the 

animal to choose a particular sequence of elements were the same within and between 

bouts. For example, the element grab, were the termites always in the air or on the 
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ground when this was chosen? For the four monkeys who used the pathway pull off 

R, was it always the termite's wings which were being removed or was it something 

else, maybe part of the termite's body? Why did the juveniles ALWhi and AScrap 

investigate the termites before deciding whether to eat or discard them? In this way, 

it was sometimes possible to establish for an animal the nature of the decisions that it 

had taken. The most effective way I found to visualise the process was to construct 

the decision processes for each animal in the form of a flow diagram. When building 

the flow diagrams it was easiest to start with the most simple sequence diagram; for 

continuity I shall present the flow diagram for AWhiF who was found to have the 

simplest pattern of pathways, figure 7.4. The only problem faced by this female was 

whether or not there was a termite in reach. The criterion as to whether the left or 

right hand was used was not established; it may have been random. 

Figure 7.4 A Flow Diagram showing the minimal decision processes used by the 

adult female AWhiF when eating termites: 

S 

Termite N 
In Reach? 

Y 

PickUp Lp/Rp 

pop-in 

eat 

End 

KEY: the arrows indicate the direction of pathway 

the box indicates a decision point in the monkeys choice of pathway 
S= start of processing E= end of processing 

Y= yes to pathway N= no to pathway 
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Only five of the subjects used this simple decision process. As a second example, 

consider ABlindy, figure 7.5. This adult female used several pathways common to 3 

animals, she shared pick up lips with AScar and grab-popin with ASF2 and AAlarm. 

The main environmental determinant of these variants seemed to be where the 

termites were in relation to her: 

Figure 7.5 The Flow Diagram showing the minimal decision processes used by the 

adult female ABlindy, to eat termites: 

S 

ckUp I 
1 

Pop-i 

Eat 

Pick Up Lips 

KEY: the arrows indicate the direction of pathway 

the box indicates a decision point in the monkeys choice of pathway 

S= start of processing E= end of processing 

Y= yes to pathway N= no to pathway 

%W N Termite E In Reach? 
Y 

i ernte 
Flying? 

N 

Use Hand? 

Y 

GrabLc 
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In contrast to AWhiF, AWhijn used the most number of pathways, and the decisions 

to be made by this juvenile female were in several contexts. For example she used 

both her hands and her lips to pick up termites and she had to cope with termites who 

still had their wings attached. Once in the format of a flow diagram (figure 7.6) it 

became much easier to understand how she dealt with the food processing: 

Figure 7.6 The Flow Diagram for the juvenile female AWhijn showing the minimal 

decision processes for eating termites: 

S 

Termite in E 
reach? N 

Y 

Use a hand? 

Y 

Pick Up Lp/Rp 

Pop-in 

N Pick Up Lips 

Y 
Termite have 
wings? 

N 

Eat 

Pull Off L/R 

Discard L/R 

KEY: the arrows indicate the direction of pathway 

the box indicates a decision point in the monkeys choice of pathway 

S= start of processing E= end of processing 

Y= yes to pathway N= no to pathway 
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Comparing individuals for similarity of pathway use 

The individual flow diagrams were then used in an attempt to group together animals 

with similar strategies. Because only one decision rule applies to each pathway, it is 

possible to collapse all congruent individual flow diagrams into a composite diagram. 

However, this need not have been so. Another possibility might have been for more 

than one decision rule to have applied to any one pathway. In this case it would not 

have been possible to include all the individuals on the same diagram as their 

behaviour was not being governed by the same set of rules. 

The composite diagram shows all the frequently used pathways and the minimal 

decision processes that might be involved for the full complement of animals eating 

termites. In figure 7.7,15 separate flow diagrams were combined to create a single 

composite diagram for termite eating. The three flow diagrams presented above are 

now embedded into the diagram along with 12 other subjects. The figures next to 

pathways indicate the number of animals which used that pathway above the set 

criterion of transitional probability 0.05. 

To process termites, the vervet monkeys thus appeared to use a simple set of rules 

which structured their behaviour. If the termites were on the ground then they used a 

hand or the lips to pick it up. If the hand was used then it was popped into the mouth. 

If the termite was in the air, they grabbed it and popped it into the mouth. If the 

wings were still attached they pulled them off and ate the body. The two juveniles 

ALWhi and AScrap were eating predominantly dead termites which many other 

animals had ignored. The criterion for whether to still eat the dead termite (as 

AScrap did) or discard the termite (as ALWhi did) was unknown. The composite 

diagram therefore provided a method which could summarise the processing 

techniques used by a number of animals. 
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FiVre 7.7 The composite dia ram of the processni tecluiiques used by 
monkeys to eat termites 

The arrows indicate the direction of the pathway. 
The ovals arc the decision points for the choice between two pathways; 
Y- yes to pathway N- no to pathway. 
Lone question marks indicate unknown decision points. 
For full definition of elements refer to table 2.4. 
Numbers indicate how many individuals used the pathway. 

BASIC PATTERN: ABeta, ABug, ASF4, ALSF2, AWhiF 

S 

termite in reach? NE 
Y 

8/15 

I use lips? Y pick up lips 
N 3/15 AScar, ABlin, AWhiJn 

Y flying? Y 

grab LN grab R 
3/15 3/15 AAlarm, AFour, ASF 

ABlin, pick up UR pad to side 
AFour, 15/15 APushy A- LW smell R 

1/15 

I unsure? Y discard H 
N 1/15 

AScra E 
bite off R 

pup in 

pull off LY termite winged? Y 
pull offRl 

ha APushy 2/15 N 3/15 AFour AWhiJn AWhiJn 

discard L discard R 

' eat 
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The composite diagram provide a method for comparing individuals' use of pathways. 

Five of those animals used just the basic pattern, while no more than three animals 

used a rarer pathway. These numbers were too small to look for any significant 

effects of independent variables (age, sex, troop membership or relatedness) on 

pathway usage. This will be considered later on in this chapter for fruit, where the 

number in the data set is much larger. 

It is maybe not surprising that a simple food should have produced very little 

individual variation. The photograph in figure 7.8 shows the adult male AAlpha 

collecting termites from the grassland area. A more likely conclusion, than an effect 

due to one of the independent variables, is that the observed variation can be 

explained by the context in which the item was found, that is, flying or on the ground, 

with or without wings, alive or dead. 

With the evidence for feeding strategies showing that animals were using simple 

decision processes, was there a chance that some animals were feeding more 

efficiently than others? If this was the case, then could those animals who were eating 

at faster rates be using certain pathways? 

Could feeding efficiency be affecting an individual's processing of termites? 

As well as possible differences in pathways there could potentially be differences in 

feeding rate, used here as a crude measure of efficiency. Bout length and number of 

mouthfuls per bout were obtained for each animal for each food type. Feeding 

efficiency was calculated as "number of mouthfuls divided by bout length (sec's), 

multiplied by 60" to give "rate per minute". If there was variation in feeding 

efficiency, one might expect effects of age and sex. When considering termite feeding 

there was no effect of gender (2 Way ANOVA F Ratio = 0.711, d. f. 1,12, p=0.42) 

but there was a significant effect of age with adults taking more mouthfuls per minute 
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than juveniles (2 Way ANOVA F Ratio = 23.468, d. f. 1,12, p=0.0004) see figure 

7.9. There was no interaction between age and sex (2 Way ANOVA F ratio = 2.123, 

d. f. 1,12, p=0.17). There are two possible explanations for this difference between 

age classes. In virtually every case the termite was either flying or moving across 

rough ground and it may be that younger animal's hand-eye co-ordination was not as 

developed as the adults, so giving them a lower success rate. Alternatively the adults 

may have been fulfilling a greater energy requirement. Bite size is "fixed" for termites 

so adult vervets may have had to increase their bite rate to compensate for the fact 

that they require more calories than younger animals. The termites fly irregularly and 

the timings of the flights were unpredictable so the adults could not be sure that just 

by feeding for longer they would meet these requirements. Rather they may have had 

to maximise intake while the termites were visible. However, this data must be 

treated with caution; it was not possible to perform the necessary log transforms on 

this set of feeding rates because the sample sizes varied for each individual (i. e. 

number of bouts recorded were not consistent across animals). Thus, the data 

analysed were not normally distributed and hence any conclusions can only be 

tentative. 

The same procedure outlined here was used to analyse the three other foods; leaf 

shoots, sugarcane and fruit. The same method described for termites was used for the 

next three foods therefore, they will not be considered in such detail. Rather I shall 

demonstrate the more interesting aspects of the analysis involved with the monkeys 

processing of embedded foods and the problems involved with coping with larger 

sample sizes. 

How Monkeys Eat Leaf Shoots 

The problem the monkeys had to overcome with this food was that the edible parts 

tended to be located on the ends of thin branches which often wouldn't support the 
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animal searching for the succulent leaf shoots Alternatively the leaf shoots were at 

the ends of long blades of grass which had to be brought within reach, as the male 

AFour is doing in the photograph, figure 7.10. The problem associated with 

gathering leaf shoots resulted in more behavioural elements being required than was 

seen for termite catching. This resulted in the matrices being larger and the edited 

codes were used for analysis. 

As for termite eating, the values produced in the matrices were used to establish the 

most commonly used sequences (using the cut off point of 0.05 transitional 

probability). These sequences were presented in the form of individual sequence 

diagrams showing the common pathways used by each individual. I shall use two 

examples to show how some of the monkeys used only a few pathways (for the 

complete set of sequence diagrams refer to appendix 2) while others used many more. 

Unlike termites there was no an obvious basic structure, with only one pathway being 

used by all thirteen subjects, bite off - eat. However, for the pathway bend round 

only one animal did not use it either at the start of processing or during a repeat of the 

pathway, so it has been considered as part of the basic structure necessary to process 

leaf shoots. ASorrow (figure 7.11) only used the basic structure bend round, bite off, 

eat, release and one other pathway, pick H (since the laterality was removed in the 

clumping of functionally equivalent groups, the H refers to the action being done by a 

"hand"). 
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Figure 7.11 Sequence Diagram showing all the commonly used pathways for the 

adult male ASorrow to eat leaf shoots: 

bend round L bend round R 

0.8 0.83 

bite off 

0.96 0.6 0.11 pick H 
1.0 eat 

0.14 pop-in 
1.0 

release 

E 
KEY: The arrows indicate the direction of a pathway. The numbers next to the lines 

show the frequency of use of that pathway (expressed as a transitional probability). 
For a full set of definitions for elements refer to chapter 2, table 2.4. H refers to the 

element being used by one hand; L and R refer to the hand used. 

This subject used only a small number of sequences to process leaf shoots. This, 

however, was not true for all the subjects. For example the adult male BLegs used 

many more pathways, this can clearly be seen in his sequence diagram, figure 7.12. 

He shares the basic structure with ASorrow, he also commonly used another pathway 

from eat - pick H, this time using the behavioural element bite off H. 

From sequence diagram to flow diagram 

The next stage was to consider the possible decisions being made by the animals in 

their choice of pathway. Once again I will present the flow diagrams for the two 
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Figure 7.12 An example of a sequence diagram showing all the commonly 
used pathways by BLegs, to eat leaf shoots. 

The arrows indicate the direction of the pathway. 
Numbers indicate transitional probability scores above 0.05. 
H refers to a hand used where Left and Right scores for the same element have been 

clumped together. L/R indicate left and right hand use. 
For definitions of elements refer to table 2.4. 
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bend round L 
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bend round R 
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0.10 11.1 bite off 
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0.17 
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0.14 

discard H 

0.17 

hold C 
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0.25 

0.31 1S 1.0 
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animals described above. The following figure shows the flow diagram for ASorrow 

(figure 7.13) who is only having to make a few decisions in processing leaf shoots. 

Figure 7.13 The Flow Diagram showing the minimal decision processes used by 

ASorrow to eat leaf shoots: 

S 

Leaf Shoot IY 
Within Reach? 

N 

bend round L/R 
pick H 

> bite off 

eat pop-in 

Y Still leNar af shoots 
Y 

in reach? 
N 

release 

E 

KEY: the arrows indicate the direction of pathway 

the box indicates a decision point in the monkeys choice of pathway 

S= start of processing E= end of processing 

Y= yes to pathway N = no to pathway 

Figure 7.14 presents the flow diagram for BLegs. It is clear that he is using many 

more pathways than ASorrow. There was one point in the decision making process 

that could not be identified for any of the animals. It was clear from the sequential 

data that when a feeding bout started the individual either picked from the branch, if 
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Figure 7.14 An example of a flow diagram showing the minimal decision 
processes used by the individual BLegs, to eat leaf shoots 

The arrows indicate the direction of the pathway. 
The rectangles are the decision points for the choice between two pathways; 
Y- yes to pathway N- no to pathway. 
Lone question marks indiacte unknown decision points. 
For full definition of elements refer to table 2.4. 
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pick H 

large piece? 
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pop-in 

bite off H 
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Y 
more? in hand? 

NN 

Y 
discard H shoots in reach? 

IN 

Y 
same branch? 

N 

release 

E 



236 

leaf shoots were within reach, but if not then they bent the branch round until the leaf 

shoots were accessible. However, once a mouthful had been taken and the leaf shoots 

remained in reach, there was no predicting which of two pathways the animals might 

take. They either picked from the branch or they bit the leaf shoots directly off into 

the mouth. This pattern was seen in the flow diagram for ASorrow and for BLegs. 

Comparing individual's for similarity of pathway use 

To create the composite diagram for leaf shoot processing, 13 individual flow 

diagrams were available. The animals did use the same decision points in their choice 

of pathway, refer to figure 7.15, therefore it was possible to amalgamate all the 

individual diagrams into one composite diagram. It is clear from this figure that the 

majority of the animals used four pathways in processing leaf shoots. 

With virtually all the animals using all but one pathway, there was a high degree of 

similarity between the individuals (refer to the figures on the composite diagram figure 

7.15). The only animal not to use the pathway pick was the adult female BBn and the 

only animal to not use bend round was ASF3. From the data there was no obvious 

reason why these two adult females did not use the pathways common to the other 11 

subjects. Only four pathways, refer to figure 7.15, were used by less than 12 of the 

subjects, two of these were only used by four animals. This data set was considered 

too small to consider the influence of independent variables on pathway choice. On 

preliminary inspection of the individuals who did use the rarer pathways, none of the 

individuals using these pathways were limited by age, sex, or troop membership. 

Could feeding efficiency be affecting an individual's processing of leaf shoots? 

For "leaf' eating there was no effect of gender (2 Way ANOVA F Ratio = 1.254, d. f. 

1,16, p=0.28) or age (2 Way ANOVA F Ratio = 0.1037, d. f. 1,16, p=0.10) on 
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Figure 7.15 The composite diagram of the processing techniques used b 
monkeys to eat leaf shoots 

The arrows indicate the direction of the pathway. 
The rectangles are the decision points for the choice between two pathways; 
Y- yes to pathway N- no to pathway. 
Lone question marks indicate unknown decision points. 
For full definition of elements refer to table 2.4. 
Numbers indicate how many individuals used the pathway. 
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feeding rates, as one might expect for this relatively simple food. The interaction 

between age and sex was also non-significant (Interaction F ratio = 0.962, d. f. 1,16, p 

= 0.34). Leaf shoots have relatively low nutritional value (in comparison to foods 

such as termites) and although they are only eaten over a short period of time there 

appears to be no particular incentive to eat them any faster than other conspecifics, 

with adults being no more successful than juveniles. This data must be treated with 

caution; it was not possible to perform the necessary log transforms on this set of 

feeding rates because the sample sizes varied for each individual (i. e. number of bouts 

recorded were not consistent across animals). Thus, the data analysed were not 

normally distributed and hence any conclusions can only be tentative. 

The next food item to be considered is sugarcane, which posed several problems for 

the monkeys, as it is an embedded food source. 

Coping With An Embedded Food Source, Sugarcane: 

Sugarcane has an extremely tough outer stem, which is very hard to remove. The 

valuable food source is the soft pith below this casing. This is only accessible at two 

points - the exposed ends of the cane (where the leaves have been removed and at the 

base where the stem has been pulled out of the ground) and where the casing had 

been removed. Figure 7.16 shows a juvenile female attempting to open a segment of 

sugarcane; the tough outer casing is clearly visible. 

Unlike the two foods already considered, sugarcane produced very large matrices 

which reflected the large number of elements being used in its processing. It is in this 

analysis that the grouping of functionally equivalent codes and the reduction of 

sequences to just the more common ones became essential. In order to explain the 

difficulties in analysing this food type I shall first present some of the sequence 

diagrams, staring with the most basic one. Rather than producing every sequence 
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diagram here (a full set of all 16 sequence diagrams have been presented in appendix 

3) I will concentrate on parts of the diagrams in which the subjects use different 

combinations of the same elements. Then I shall present one of the larger sequence 

diagrams to illustrate just how many sequences were being used by some individuals. 

For sugarcane processing there was a single pathway used by all 16 subjects; hold 2 

hand cylindrical-bite off-eat; this is referred to as the basic pattern. The first 

diagram, figure 7.17, is the sequence diagram for BAF, this adult female had the 

smallest repertoire of elements used to process sugarcane: 

Figure 7.17 Sequence Diagram showing all the commonly used pathways for the 

adult female BAF. to eat suizarcane: 
S 

hold 2C 

0.78 
0.62 bite off 

0.96 0.59 
INV 

lick 0.1 2 
eat 

0.23 

KEY: The arrows indicate the direction of a pathway. The numbers next to the lines 

show the frequency of use of that pathway (expressed as a transitional probability). 
For a full set of definitions for elements refer to chapter 2, table 2.4.2C refers to the 

two handed cylindrical grip. 

The adult male BBrutus also uses a relatively simple technique (figure 7.18) but he 

uses more elements: 
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Figure 7.1 8 Sequence Diagram for the adult male BBrutus eating su arcane: 

S 

0.17 hold 2C 0.33 
0.75 

0.63 0.50 
snipcase bite off spit out 

0.25 
0.92 0.63 0.33 

0.06 0.22 

eat 0.08 mouthpee 

KEY: The arrows indicate the direction of a pathway. The numbers next to the lines 

show the frequency of use of that pathway (expressed as a transitional probability). 
For a full set of definitions for elements refer to chapter 2, table 2.4.2C refers to the 

two handed cylindrical grip. 

Many of the monkeys had many more sequences in the diagrams representing their 

processing of sugarcane. The following diagrams show the variation in pathways that 

revolve around the element snipcase, figure 7.19. The sections from several different 

sequence diagrams have been used in this example: 

The element snipcase was only used by six individuals and already the individual 

idiosyncrasy was very high. Each of these pathways was used by a single animal 

except for pathway 2 which showed two variants; 2a was used by the adult female 

ABug and 2b by the adult male AFour. The pathway for BLegs has not been included 

here as he combines the pathway spit out and hold back. I shall now show an 

example which nine of the 16 subjects used, the pathways centring around the element 

hold cylindrically. Again this demonstrates the huge variation in common pathways 

by showing a series of sequences taken from a variety of sequence diagrams (figure 

7.20). Because more than one animal may have used a sequence the transitional 

probability scores have not been shown. 
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Figure 7.19 Examples of the pathways taken from a variety of sequence diagrams for 

the element snipcase: 

I 

N/ snipcase 

hold back 

hold 2C 

snipcase--ý bite off 

mouthpeel eat 

eat 
4 

spit out 

hold 2C 

bite off 

eat 

a. 
snipcase 

b. 

bite off 

hold C 

spit out 
hold 2C 

F-I Sý snipcaseý bite off 

mouthpeel Lick < eat 

KEY: The arrows indicate the direction of a pathway. The numbers next to the lines 

show the frequency of use of that pathway (expressed as a transitional probability). 
For a full set of definitions for elements refer to chapter 2, table 2.4.2C refers to the 

two handed cylindrical grip, C to a single handed cylindrical grip. 
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Figure 7.20 Examples of the pathways taken from a variety of sequence diagrams for 

the element, hold cylindrical (hold C 

C. 
mouthpeel peel H 

bite off hold C bite off hold C take out 

2. 

a. take out eat chew 
C. 

lb' chew 

snipcase mouthpeel 
3.4. 

bite off -ý! hold C yank eat hold C 
yank 

take out peel H 

hold 2C e' peel H 
5. 

bite off hold C' take - 
I 

d. 
` 

d. 

z bite off H 

T° I_Iý 
i discard d. 

chew 
L_` 

KEY: The arrows indicate the direction of a pathway. The numbers next to the lines 

show the frequency of use of that pathway (expressed as a transitional probability). 
For a full set of definitions for elements refer to chapter 2, table 2.4. hold C refers to 

the single handed cylindrical grip. 
1. pathways used by BLove, BRo (BRo also used pathway a. ) and BCheek (BCheek 

also used pathway b. ) 
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2. pathways used by BWingjn and BTwee (BTwee also used pathways c. ) 
3. pathways used by AFour 

4. pathways used by AWhijn 

5. a more detailed diagram showing how many of the elements around hold C were 
integrated with one another, creating many potential pathways. Pathways d. were 
used by BLegs, pathways e. were used by BPupa. 

To complete this overview of variation in elements and pathways used by the 

monkeys, I have included the complete sequence diagram for BLegs. This adult male 

had high variability of sequences involving 15 different elements and 42 linkages 

(where a linkage is the joining of two elements within a sequence), see figure 7.21. 

From sequence diagram to flow diagram 

It can be seen from the two detailed examples above that sequences used in 

processing were highly idiosyncratic between individuals. This made the process of 

creating the flow diagrams quite difficult, since for every pathway the possible 

decision process made by the monkey in choosing that route had to be established. I 

shall use one element, snipcase, to illustrate how I attempted to deduce the decisions 

made be the monkeys. The element snipcase was always used to remove the top 

casing to expose the pith underneath. By creating the flow diagrams and using 

possible decision processes the number of actual pathways reduced in the conversion 

from the sequence diagrams, see figure 7.22. 
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Figure 7.21 An example of a sequence diagram showing all the commonly 
used pathways by BLegs, to eat sugarcane. 

The arrows indicate the direction of the pathway. 
Numbers indicate transitional probability scores above 0.05. 
H refers to a hand used where Left and Right scores for the same element have been 
clumped together. C includes all the grips grouped together at the cylindrical level.. 
For definitions of elements refer to table 2.4. 

0.14 

ös 

0.44 

S 

0.12 hold 2C 
0.62 0.11 10.56 

H snipcc, 

0.11 

NI/ 
ýi hold back 

/ 16% 
0.16 0.16 

0.05 

iouthpeel 

H 

0.65 

o. 
0.56 

Iw 1w, 4 bite off 
0.15 

peel 
H 

0. $ 0.33 
0.11 

HHF --ý, 0.40 1 \V 
ý- eat 0.05 hold C 

Ilm Io 0.34 

lick 
0.1 0.291ý 

0.14 

- spit out 

0.05 

0.69 

0.67 

0.12 0.47 

chew 
IT 

0.121 take 
0.56 

0.12 
0.05 

discard 0.08 

0.05 

TI TT 
L-> 

L 

0.1 

man. 
I 

0.27 bite off 

0.25 1 

IHI 
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Figure 7.22 Examples Of Flow Diagrams for the minimal decision processes used to 

determine when snipcase was used by the monkeys: 

hold 2c 

Casing preventing 
access to pith? 

YN 

2 spit out 

Casing preventing 
access to pith? 

YN 

snipcase bite off snipcase 

Pieces In N 
The Way? 

Y 

hold back 
spit out 
lick 

3. hold 2C 

Casing preventin 
access to pith? 

J, Y 
snipcase 

N 
Old Pith? 

Y 

mouthpeel 

N 

bite off 

eat 

bite off 

hold 2C 

Casing Preventing Y 
Access to Pith? 

IN 

snipcase 

N 
Old Pith? 

bite off 
mouthpeel 

KEY: the arrows indicate the direction of pathway 

the box indicates a decision point in the monkeys choice of pathway 
S= start of processing E= end of processing 
Y= yes to pathway N= no to pathway 

The effect can clearly be seen in the flow diagram of BLegs. Recall the sequence 

diagram for this individual, figure 7.21: there were many linkages between the 

elements. Viewed as a series of decision points the sequences are much less confused, 
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as in figure 7.23. The animal is not being as random as he first appeared; snipcase is 

always used in the context of removing casing and the previous element did not affect 

the situation in which this element was used. 

Comparing individuals for similarity of pathway use 

With so much variation of pathways for a single individual, when it came to 

constructing a single composite diagram, I decided to be selective. The reason behind 

constructing the individual flow diagrams was to compare individual similarity in the 

repertoire used to process a food item. Therefore, if a particular pathway was only 

used by a single animal I decided to exclude it from the composite diagram. 

The main difficulty when forming the composite diagram was the number of elements 

which were used in different sequences by the animals. In the final composite 

diagram, there were 19 elements, but it required 21 different decision points to link up 

the elements to accurately reflect what each animal was doing when processing 

sugarcane, refer to figure 7.24. As for leaf shoots, there was some ambiguity in some 

of the monkeys' choices; there were four decision points where the decision criteria 

used by the monkeys could not be identified from the data, refer to figure 7.24. It is 

clear from the composite diagram that there was idiosyncratic variation in the choice 

of pathway. Out of a possible 19 actions only 3 were used by all 16 animals - hold 2C 

(a 2 handed cylindrical grip), bite off and eat. 

This food group did provide many pathways to analyse in an attempt to explain why 

some individuals chose to use a pathway. However, there were only 16 subjects in 

the data set. Within the data set the individuals were skewed in preference to adults 

(11 of the 16 animals were adults). The difficult nature of this food item meant that 

adults rather than juveniles ate the sugarcane. Many of the younger animals spent 

many minutes toying with the cane but rarely got many mouthfuls. As a result the 
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Figure 7.23 An example of a flow diagram showing the minimal decision 
processes used by the individual BLegs, to eat sugarcane 

The arrows indicate the direction of the pathway. 
The rectangles are the decision points for the choice between two pathways; 
Y- yes to pathway N- no to pathway. 
Lone question marks indiacte unknown decision points. 
For full definition of elements refer to table 2.4. 

S 

hold 2C hold back, 

_I_ 
casing? snipcase 
NY 

old pith? y 
N 

bite off 

N 

still juice? 
Y 

lick 

mouthpeel 

E 
T 

discard H 
/ 11% 

chew 

NJ 
N 

fibre? 
Y 

N 
clean? hold C peel H 

Y 

YJ more? N discard ->E 

N in way? Y spit out <i 

Y 
fibre? 
N 

Y 

N pieces in way . 
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Figure 7.24 The composite diagram of the processing tecluuques used by 
monkeys to eat sugarcane 

The arrows indicate the direction of the pathway. 
The rectangles are the decision points for the choice between two pathways; 
Y- yes to pathway N- no to pathway. 
Lone question marks indicate unknown decision points. 
For full definition of elements refer to table 2.4. 
Numbers indicate how many individuals used the pathway. 
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5/16 
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juvenile/young juvenile representation in this food category is very low as few animals 

managed to eat 50 mouthfuls, often giving up or being displaced by another animal. 
Rather than tackle the large piece of cane it was more common for these animals to 

pick up the smaller pieces scattered around the main cane. 

The data set was also skewed in favour of members of B troop (only 5 members of A 

troop qualified for analysis). Five of the rarer pathways (where a pathway was used 

by less than 10 animals) were restricted in use to individuals from B troop. It may be 

quite feasible to suppose that with a larger set from A troop any troop effect would 

have disappeared. There was no apparent effect of gender on choice of pathway, for 

every pathway there was a mixture of males and females using them. 

I therefore decided to leave any analysis of pathway similarity at this level, as any 

results would have been skewed by the uneven distribution of the age and troop 

groupings. This aspect of the data will be considered in more detail in the next 

chapter. 

There was a possibility that some variation might be related to membership of a family 

group. Out of the 16 animals included in the data set, there were only 3 direct mother 

- offspring relationships. This was not considered large enough to study at this point 

of the analysis, however, this was looked at in more detail in the next chapter 

Although the composite diagram for sugarcane (figure 7.24) may appear to be 

extremely complicated, this may not reflect "complexity" in the mind of the animal, 

but be a result of randomness. For instance it may be that the animals are using so 

many different routes because they are not organising their behaviour into sub-goals. 

If they were using sub-goals, then we might expect to observe an action (or series of 

actions) occurring repetitively before moving onto the next stage. Cases where this 

might apply include: remove all the casing (snipcase) or dried pith, lick any juice, 
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clean the site (pick), bite off, eat etc. It may be that these animals do not have the 

cognitive capabilities to order their actions into sub-goals, so creating an organised 

hierarchy (which we assume would be the most efficient method of eating an 

embedded food item). Rather, they may react to the current situation: this would look 

very like the pattern of data found. For example the following sequence was taken 

form the data set for the adult male BLegs eating sugarcane, the sequence of elements 

is clearly not organised into subgoals: if casing is in the way, remove a piece; pith 

visible, so bite off and eat; can't reach pith, so remove more casing; pith exposed, bite 

off eat; but dry, spit out, bite off, eat; juice, so lick; casing in way, hold back; bite off, 

but casing in way, so snipcase to expose pith; bite off, eat, juice so lick, but pieces in 

way so hold back, and so on. 

Alternatively, it may be that, since sugarcane is a highly preferred food item, this 

unstructured approach is a strategy to gain as much as possible before being 

displaced, (possibly) by higher ranking animals, rather than a reflection of cognitive 

limitations. Figure 7.25, shows just a few sequences in the "life" of a valuable food 

source, a piece of sugarcane. The arrows on the diagram indicate the order in which 

the animals processed the same piece of sugarcane. A subject either finished 

processing by choice or was displaced by another higher ranking individual, denoted 

by aD in the diagram. Because the sugarcane stems were very long a number of 

animals may get the chance to feed off the item, in these examples ranging from 4 

animals to 14. Monkeys may hold onto the food item for as long as 7.24 minutes 

(figure 7.26) or as short as 15 sec. (just enough time to take a mouthful). If there is a 

high probability of being displaced by a higher ranker and/or non-family member it 

may not be worth the time and effort to remove a large area of casing/old pith if the 

food item is to be taken away before a mouthful is taken. However, none of the 

animals, whether they were high ranking or not, showed hierarchically organised flow 

charts. 
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Could feeding efficiency be affecting an individual's processing of sugarcane? 

Unexpectedly there was no effect of gender (2 Way ANOVA F Ratio = 0.084, d. f. 

1,16, p=0.78) or age (2 Way ANOVA F Ratio = 0.048, d. f. 1,16, p=0.83) on the 

rate of sugarcane eating. The interaction between age and sex was non-significant 

(Interaction F ratio = 2.516, d. f. 1,16, p=0.30). This may be due to the different 

strategies employed to eat the pith, (that is, juveniles utilising discarded pieces or the 

ends of the sugarcane). In 21 bout sequences where the cane moved between more 

than one individual (refer to figure 7.25 for some examples), 12 of those were started 

by males and 5 by adult females, the remaining 4 incidents involved cane that had 

already been opened at some previous date, while the subsequent feeders could be any 

animal from the troop. So it may be that adult feeding rates were hindered by the 

harder job of entering the cane. Referring back to the composite diagram, figure 7.24, 

difficult sequences involving actions like snipcase were only employed by the adult 

males, and were used to a lesser extent by the females. Juveniles only ever attempted 

this embedded food once pith had been exposed. This may be why adults and 

juveniles took a similar amount of mouthfuls per minute. It would not benefit the 

adults to adopt a "juvenile strategy" for long (although they undoubtedly did at times) 

because sugarcane was a limited food item and once all the available pith was eaten no 

more could be eaten until the casing was removed. This effect was compounded by 

the "design" of the sugarcane stems. The stem was not continuous, but rather 

segmented with each segment being separated from the next by a tough wall. So in 

the event of an adult exposing some pith, it only extended to the two separating walls, 

the next segment of the stem would have to be opened by the adult from scratch. 

However, this data must be treated with caution; it was not possible to perform the 

necessary log transforms on this set of feeding rates because the sample sizes varied 

for each individual (i. e. number of bouts recorded were not consistent across animals). 

Thus, the data analysed were not normally distributed and hence any conclusions can 

only be tentative. 
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Coping With A Large Fruit: 

The last food type to be considered involved large fruits such as pawpaw and mango. 

As with sugarcane, these may be considered to be embedded foods as the edible flesh 

is below a thick skin which has to be removed. However this group of items did 

involve other complications for the animals. These fruits tended to be large and 

cumbersome, and as a result they were often eaten on the ground where handling 

problems were limited. In the trees there was the problem of holding the fruit, 

particularly if the monkey was small. But on the ground the animals were more 

visible and could potentially loose their meal to a higher ranked animal. Once again 

there was more than one strategy to gain a mouthful: sometimes an animal attempted 

to tackle an entire fruit, or if in the vicinity of another animal eating then the discarded 

pieces were collected or if young it may have tried to "share" the item with the 

relative holding the fruit. The photograph, figure 7.26, shows the adult male AAlpha 

eating from a pawpaw. The fruit is being balanced on his feet and held with one hand 

while the other hand is processing an item from the food. 

The edited codes were used to process the sequential data into the form of matrices 

for analysis. There were on average the same number of elements used in the 

processing of fruit as for sugarcane (7.6 per animal for fruit, 7.9 per animal for 

sugarcane); however the number of sequences between the elements was less (average 

12 per animal for fruit compared to 18 per animal for sugarcane). The main problem I 

encountered when analysing the processing of fruit was the very large data set, 34 

animals were included in the analysis. Although the average number of sequences of 

elements per animal was lower for fruit than for sugarcane, across animals the 

elements were being used in many different combinations. This caused many 

problems in the analysis for developing the flow diagrams and then trying to form the 

composite diagram for fruit. The basic pattern of processing only used two elements, 
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bile off - eat. The simplest sequence diagram was for the juvenile male BMJ, figure 

7.27a, all the data for this individual was collected in one bout of feeding on a 

pawpaw skin. Because many of the animals used a grip when processing fruit, I have 

included another simple sequence diagram, this time for the juvenile male By, figure 

7.27b, who does use the principal grip hold 20 in his processing of fruit. 

Figure 7.27 Sequence Diagrams showing the commonly used pathways used by the 

juvenile males BMJ (1) and BV (2) to eat fruit 

(a) s 

0.11 
spit out bite off 

1.0 0.86 0.81 

eat 

(b) 

spit out 

S 

hold 20 

0.07 
J, 0.73 0.27 

bite off 
0.73 0.60 

0.89 
1.0 

eat scrape 
0.06 1 0.12 

W 

discard 

KEY: The arrows indicate the direction of a pathway. The numbers next to the lines 

show the frequency of use of that pathway (expressed as a transitional probability). 
For a full set of definitions for elements refer to chapter 2, table 2.4. Hold 20 refers 
to a two handed round grip. 

Many of the diagrams were far more complicated than these two examples, showing 

many more looping pathways and elements. One of the worst examples is the 

sequence diagram for ASF2, figure 7.28, who used the most number of elements in 

processing fruit (13) and the most number of sequences (21). Four other individuals 

used techniques as complicated as this one. 



257 

Figure 7.28 Sequence Diagram showing the commonly used pathways for the adult 
female ASF2 eating fruit: 

S 
0.86 

Man. 0.14 

0.40 

SpitOut 0.68 

0.16 i 

0.19 

0.21 

Scrape 0.83 

0.13 

0.12 

Lick, 
11 

CarryHM 
0.71 

Hold2O 

0.31 
0.06 

BiteOff 

HoldO 
0.29 

PickPr- 

0.42 S 
. 73 0 

Eat PickUpPr 
0.85 0.63 

0.08 BiteOffH 

0.1 

0.47 Discard 
0.60 

KEY: The arrows indicate the direction of a pathway. The numbers next to the lines 

show the frequency of use of that pathway (expressed as a transitional probability). 
For a full set of definitions for elements refer to chapter 2, table 2.4. Hold 20 refers 
to a two handed round grip; HM to hand & mouth; holdO, a single handed round grip 
& Pr, a precision grip. 

From sequence diagram to flow diagram 

Converting the sequence diagrams to flow diagrams was complicated by the large 

number of different combinations of elements. For example the element lick was 

preceded by 3 elements but followed by 5 others. Lick was only used by 16 of the 

subjects, but the element bite off was used by all 34. This element had a possible 7 

elements preceding it and 6 following it. This huge diversity of element combinations 

meant that the field notes had to be carefully studied to establish what the individual 

was doing to the fruit during processing. For example, scrape always occurred when 



258 

the flesh was thin, lick when the fruit had a lot of juice, i. e. when it was very ripe, and 

mouthpeel or bite off when the skin was in the way. In order to understand the 

decision processes occurring the most simple sequence diagrams were studied first. 

The flow diagrams for BMJ and BV have been presented below, figure 7.29. 

Figure 7.29 The Flow Diagrams showing the minimal decision making processes used 

by the juvenile males BMJ (a) and BV (b), to eat fruit: 

a. 
s 

spit out bite off 

L1Skin? 

N 

eat 

more? 
N 

E 

b. 
S 

1 

hold 20 

spit out ýl bite off 

N 
More? discard 

y 
E 

scrape ( 'N 
.ý 

Thick Flesh? 

KEY: the arrows indicate the direction of pathway 

Y 

the box indicates a decision point in the monkeys choice of pathway 

S= start of processing 
Y= yes to pathway 

E= end of processing 
N= no to pathway 

Here multiple decision points occurred not separated by elements. For example in 

modelling the technique used by the adult female ASF2, I had to use four decision 

points in a row in order to separate all the different pathways she used subsequent to 

eating; the multiple decision points are clearly visible in figure 7.30. 
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Figure 7.30 A Flow Diagram showing the minimal decision making processes used by 

the adult female ASF2 to eat fruit: 
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Comparing individuals for similarity of pathway use 

To construct the composite diagram was a challenge, the aim was to try and 

incorporate 34 different flow diagrams into the same picture. The large number of 

decision points made it increasingly difficult to add more animals into the same 

picture. Despite the large number of different combinations of elements it was 

possible to represent all 34 flow diagrams in the one composite diagram for large 

fruit, presented in figure 7.31. The composite diagram was dominated by decision 

points, for 22 actions there were 23 decision points (enclosed within the rectangles on 

the diagram). This diagram appeared to encompass the dilemma of the monkeys. 

There were so many sequences of actions used by the population that not all the lines 

connecting relevant actions have been drawn in. Again there were unknown question 

points on the diagram where the subsequent choice of pathway could not be defined. 

In support of earlier claims, the composite diagram does not appear to be organised 

into clear stages of processing defined by subgoals. The animals seemed to be 

responding to the immediate nature of the fruit rather than organising their processing 

into sub-goal categories. The large variety of different element combinations made 

the grouping of sequences into potential sub-goal categories impossible. 

Assessing the effect of independent variables on individual's pathway choice 

With 34 individuals in the fruit eating data set, this was the best opportunity to 

consider the independent variables of troop membership, age, gender and relatedness. 

For every pathway used by less than 25 individuals (considered to be a "rarer" 

pathway), the characteristics of each individual were compared to those of all the 

other individuals using that particular pathway (each pair of individuals was scored for 

whether they were the same age, sex and troop); the results have been presented in 

table 7.2 below. 
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Figure 7.31 The composite diagram of the processing techniques used by 
monkeys to eat fruit 

The arrows indicate the direction of the pathway. For full definition of elements refer to table 2.4. 
The rectangles are the decision points for the choice between two pathways; 
Y- yes to pathway N- no to pathway. 
Lone question marks indicate unknown decision points. 
In order to reduce confusion on the diagram a pathway may end with an element followed by several 
dots, for example, Bite off..... , which indicates that a pathway has not been drawn in but to go to the 
action bite off for the continuation of the pathway. Numbers indicate how many individuals used the 
pathway. 
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Table 7.2 Table listing the rarer pathways and the independent variable scores for the 

animals using those pathways: 

Pathway (a) N. 
Pairs 

(b) N. 
Ad: Juv 

Same 
Age 

(c) N. 
M: F 

Same 
Sex 

(d) N. 
A: B 

Same 
Troop 

take out - bite off H 28 6: 2 16 4: 4 12 3: 5 13 
pick up pr - bite off H 45 5: 5 20 2: 8 29 6: 4 21 
eat - bite off H 21 4: 3 9 0: 7 21 2: 5 11 
eat - discard 45 7: 5 21 5: 7 21 5: 7 21 
discard H -start 28 7: 1 16* 4: 4 13 4: 4 12 
bite off H- eat 105 10: 5 55 5: 10 55 6: 9 50 
bite off - hold O 36 7: 2 22 4: 5 15 5: 4 16 
lick - lick 91 11: 3 58 5: 9 47 8: 6 43 
lick - scrape 36 7: 2 22 2: 7 22 6: 3 18 
lick - bite off 92 10: 4 52 5: 9 49 9: 5 46 
pick up pr - pop-in 10 2: 3 4 2: 3 4 3: 2 4 
pick up pr hold 2 pr 3 2: 1 1 1: 2 1 0: 3 3 
hold 20 - scrape 3 3: 0 3 2: 1 1 2: 1 1 
mouth el -sit out 3 3: 0 3 1: 2 1 0: 3 3 

slice - eat 3 3: 0 3 2: 1 1 2: 1 1 
lick - mouth el 3 3: 0 3 1: 2 1 0: 3 3 

spit out - lick 3 3: 0 3 0: 3 3 1: 2 1 
hold 20 - lick 1 2: 0 1 0: 2 1 2: 0 1 
lick - man 1 2: 0 1 0: 2 1 2: 0 1 

KEY: a= number of different pairs using the pathway. b (N. Ad: Juv) = number of 

adults to juveniles using the pathway. c (N. M: F) = number of males to females using 
the pathway. d (N. A: B) = number of A troop members to B troop members using 
the pathway. A* indicates a significant deviation from the null hypothesis where p< 
0.05 (bi-nomial test). Animals were scored as positive if they shared the same 

attribute, so both an adult-adult pair and a juvenile juvenile pair would be scored in 

the same age column. This method was used for the sex and troop columns as well. 

If a binary, independent variable has no effect on the choice of a pathway, we would 

expect the number in the "same" variable column to be roughly half the number of all 

pairs using the pathway. As the number of pairs moves away from 50%, the 

probability of a significant influence of the variable is therefore to increase and is 

detected by the bi-nomial test. However, this symmetry only applies where the 

numbers of individuals in the classes are the same. With asymmetric distribution 

across classes, the expectation of imbalanced samples being picked at random 
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increases rapidly. As the proportion of individuals moves away from 50: 50 therefore, 

a new hypothesis must be constructed for each distribution. For each pathway the 

null hypothesis must be constructed for the three variables. Only one test showed a 

significant deviation from the null hypothesis, animals of the same age using the 

pathway discard h-start, refer to table 7.2. Given the large number of tests 

performed, a single significant effect may be reasonably be expected by chance alone. 

These results indicate that the variables are having no effect on pathway choice. 

For pathways used by more than 10 pairs of individuals there was no age effect. A 

possible age effect was only seen in the pathways used by very few animals. Five 

pathways in table 7.2 are used by the same age group, in all four cases the subjects 

were adults; in each case there were only three animals using the pathway, therefore 

the result cannot be considered as significant. The pathway bite off - slice may be 

attributed to coping with a large fruit while in a tree. It required both hands to hold 

the fruit so in order to remove any unwanted skin it was necessary to manipulate a 

piece in the mouth using the lips and teeth, so that when the teeth bit down, the skin 

fell away from the mouth while the flesh could be eaten. For the three animals in 

question, BBrutus, AFour and ASF4, most of the data was collected while the animals 

were in arboreal positions. In all three cases the animals were observed with very 

large pawpaws. Presumably they required two hands to hold the fruit in place and 

could not remove piece from their mouths with a hand, since none were recorded as 

using the option holdC-take-bite off H (where the fruit is held 2 handed, a mouthful 

taken, the fruit is held steady with one hand, while the released hand removes the 

piece from the mouth, the monkey then eats from the small piece in the hand). The 

next two pathways, lick-mouthpeel and mouthpeel-spit out, were used by BRo, 

BCheeky and BTwee, all adults without obvious common features. The fruit eaten 

tended to be very large and very rarely was one fruit monopolised by a single 

individual from beginning to end, individuals either stopped eating when they had 

enough or were displaced. It was possible that these three individuals could be linked 
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by the state of the fruit. Several examples have been used in figure 7.32 to show the 

"life" of a fruit. From the horizontal lines it is clear that these three animals rarely ate 

from the same fruit and did not follow one another, thus, these animals were not 
linked by the state of the fruit either. The bottom three pathways in table 7.2 involve 

the element lick and all were used by two adult females, AWhiF and ASF2. The data 

collected on these two animals was from the processing of pineapple, a rare fruit in 

the diets of these monkeys. Most of the data was collected on the processing of 

pawpaw and mango and it may be that the much juicier pineapple they chose to eat 

resulted in them using these pathways. 

One pathway showed a 100% skew towards one sex. The pathway eat - bite off H 

was used only by 7 females (although males did employ this strategy at times it was 

never above the 0.05 criteria). This pathway may be viewed as an alternative to 

eating from a large fruit by picking up loose pieces scattered around the main fruit. 

Where juveniles and adult females were able to handle the larger discarded pieces (no 

young juveniles were noted as collecting pieces large enough to repeat the bite off H- 

eat pathway). 

Troop membership showed only a very weak effect. None of the more common 

pathways could be linked to troop membership, but three of the rare pathways could. 

These pathways have already been mentioned above except for pick up Pr - hold 2Pr 

used by the individuals, BBi, BDif and BFurry. There was no obvious reason why 

they should share this pathway, they were from different families, occupied very 

different ranks within the troop, they were all different ages and sex. 

Individuals from all 7 possible matrilines (figure 2.4) were present in this particular 

data set. Once again, just looking at the number of shared pathways, there was no 

pattern to suggest that individuals were taking the same choice in pathways as their 

family members. However, this data set provides the best opportunity for considering 
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the effects of related individuals on choice of pathway, this will be looked at in more 
detail in the next chapter. 

Could feeding efficiency be affecting an individual's choice of pathway? 

For large fruit there was no effect of gender (2 Way ANOVA F Ratio = 0.373, d. f. 

1,28, p=0.55) but there was a significant effect of age on feeding rates, see figure 

7.33, with juveniles taking more bites per minute than adults (2 Way ANOVA F 

Ratio = 10.454, d. f. 1,28, p=0.003 1). The interaction between age and sex was non- 

significant (Interaction F ratio = 0.137, d. f. 1,28, p=0.71). It is possible that 

juveniles took smaller bites of round fruit, so actual consumption rate may not be well 

indexed by bite rate and consumption might then increase with age. If so, then rapid 

bite rate might be an attempt at compensating for low intake rates. It may also be a 

feature of the methods the juveniles employed - i. e. eating discarded/small pieces in 

favour of coping with a large and cumbersome fruit as adults did? In the 37 recorded 

examples of multiple individuals eating a single fruit, 16 also involved animals picking 

up pieces from around the fruit. These individuals were young juveniles, juveniles and 

even adults. Another factor which might have affected this result was the number if 

incidents of passive food sharing which occurred around this food type. There were 

20 recorded bouts where adults allowed juveniles to eat from the food item at the 

same time as themselves (some examples can be seen in figure 7.32). With no 

handling time (although there were occasions when the juveniles had to be sneaky and 

effectively steal handfuls of flesh) the juveniles feeding was unhampered and bite rate 

quite high, using just the pathway Bite off - Eat. However, this data must be treated 

with caution; it was not possible to perform the necessary log transforms on this set of 

feeding rates because the sample sizes varied for each individual (i. e. number of bouts 

recorded were not consistent across animals). Thus, the data analysed were not 

normally distributed and hence any conclusions can only be tentative. 
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Conclusions 

I developed a novel method used to compare the feeding strategies of several animals: 

using matrices to organise the strings of data, sequence diagrams to show the 

commonly used pathways, and then flow diagrams to show the minimal decision 

points governing the use of combinations of elements. This provided a very useful 

technique in studying exactly how food is processed. The individuals' sequence 

diagrams and the subsequent flow diagrams allowed a very detailed comparison 

between individuals' feeding techniques. Each animal relied on a variety of 

techniques, but no one animal used all the possible sequences for any one food item. 

Between animals the use of different sequences was highly variable and idiosyncratic. 

However, it proved possible to represent all the frequently used sequences for that 

data set in one diagram, the "composite" diagrams. 

What did the composite diagrams tell us about vervet feeding techniques? When 

faced with a simple problem such as catching termites or eating the leaf shoots from 

the ends of branches, vervets used one or two simple methods to reach the goal -a 

mouthful of food. For this simple task they displayed little individual variation and 

used a basic set of skills to achieve the desired result. But when faced with the 

challenge of an embedded food source like sugarcane, they employed a large number 

of elements, repeated over and over again in varying combinations, seemingly 

responding to the varied immediate stimuli provided by the food item. In a 

comparable analysis of gorilla food processing, Byrne and Byrne (1991) were able to 

identify, for each individual performing each task, a single "technique"; this consisted 

of an ordered sequence of elements of manual skill, co-ordinated so that the whole 

performance served to process a handful of food. Although it was possible to 

establish how each monkey was processing the food, the resultant diagrams can not 

be considered as showing a single "technique", rather they showed the variety of 

sequences the monkeys were using, the technique they used depending on the 
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environmental conditions, such as the location of termites or the extent of processing 

already undergone on a fruit. 

Although the diagrams appear to be complicated structures they are in fact most likely 

to represent "simple" food processing rather than reflect "complexity" in the mind of 

the animal. Individual actions occur in many different sequences, suggesting a 

stochastic process of feeding decision making, rather than anything more organised 

such as a hierarchical structure. This apparent lack of sub-goal organisation in the 

vervets' feeding behaviour may be due to a lack of cognitive capability. They may not 

have the cognitive ability to organise their behaviour into a hierarchy of sub-goals. 

They responded to the current situation of the food item, as demonstrated by their 

choice of a seemingly random pattern of pathways, with actions being performed in a 

multitude of different sequences. However, their apparent lack of organisation may 

reflect the pressures of their social system, where displacements around highly 

preferred food items was high. The animals may be using a strategy to gain as much 

food as possible before being displaced rather than any cognitive limitation. 

Using this method of analysis it was possible to consider a variety of independent 

factors which might conceivably have affected an individuals choice of pathway. 

Three out of the four data sets were quite small (termites 15 individuals; leaf shoots 

13 individuals; and sugarcane 16 individuals). Of those, all 15 termite eaters were 

from A troop and few juveniles were present in the data set. The leaf shoot data set is 

very small with low numbers from age/gender/troop groupings. While the sugarcane 

data is skewed towards B Troop and contains few related pairs. So large fruit offered 

the main opportunity for considering the effects of the independent variables; troop 

membership, age, gender and relatedness. None could be linked on anything more 

than a superficial level to an individuals choice of pathway. The method used in this 

chapter for comparing the more detailed aspects of individuals' pathway usage was 

clumsy and results were hard to find and test for significance. 
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The method presented above for assessing the effects of independent variables on 

individuals' pathway choice was not adequate to explain the possible patterns. A 

better method was therefore required to assess individual similarity of pathway choice 

and the effect any of the independent variables may have been having. To go beyond 

this, fairly crude, method for comparing individuals' use of skills, cluster analysis was 

used to tackle the general question of how similar individuals' feeding skills were, and 

locate the likely sources of differences. This is presented in the next chapter. 
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Chapter 8 

A Comparison of Individuals' Similarity in Feeding Skills. 

Introduction 

In the previous chapter I was able to construct flow diagrams for each animal, to show 

the minimal decision processes that generated the observed sequential organisation of 

plant food processing. However, they were not a suitable medium for comparing the 

similarity of sequences used by the animals, directly. Just looking at the absolute number 

of shared pathways between related and unrelated individuals in Chapter 7 gave no 

evidence for an association in choice of pathway between family members, nor for the 

other independent variables. 

The aim of this chapter is to examine the question of how similar individuals are in their 

choice of pathway and attempt to explain the patterns of similarity using a variety of 

independent variables. Cluster analysis is used to portray the overall pattern of similarity. 

Attempts are made to explain the clustering of individuals using the data from the 

common pathways, presented in the previous chapter. The cluster analysis tests out the 

idea that maybe those pathways shared by family members were used to a similar extent, 

which would show up as closely related animals in clusters of high similarity. The 

analysis also gives another chance to check the influence of gender, age and troop 

membership on any given cluster. However, the dendrograms themselves, cannot be 

used to look for the influence of independent variables as they use the method of average 

linking. Instead the coefficient matrices of similarity are used to assess the patterns of 

clustering. 
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Creating the Dendro rams: 

The first stage in analysing the data was to score each animal on whether it used a 

pathway or not. A binary scoring procedure was used, 0 if the individual did not use the 

pathway, 1 if the pathway was used above the transitional probability of 0.05. Each 

animal was given a score for all possible pathways within each of the four food types. 

Although the cut off point for a commonly used pathway was a transitional probability 

score of 0.05, above this score there was the potential for a large amount of variation 

between individuals for how frequently they used the pathway. Where transitional 

probability scores varied by 20 to 50 % across subjects, the pathway was split into two 

groups, those who used the pathway a lot and those who didn't. Where the spread in 

transitional probability scores was greater than 50% the pathway was split into three 

categories; low, medium and high. The pathways were then binary coded. An example 

of how this new coding worked has been presented below, an individual who used the 

pathway pick H- popin at 0.65 transitional probability was scored as: 

Pick - popin <0.5 0 

Pick - pop-in >0.5 < 0.9 1 

Pick - popin >0.9 0 

The data was then run through a cluster analysis (CLUSTAN, Wishart 1987) to produce 

a dendrogram for each food type. Cluster analysis required instructions on which 

coefficient to use to specify the similarity criterion. As in chapter 4, average link cluster 

analysis was employed using the Jaccards Coefficient of similarity. For a full description 

of the method refer to chapter 4 where creating and interpreting dendrograms is 

discussed in more detail. 
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Testing for similarity: 

For each data set the cluster analysis produced a dendrogram which diagrammatically 

represents the similarity of the individuals use of pathways for that type of food 

processing. 

Four independent variables were considered in relation to the question of why some 

animals were more similar in their use of pathways than others. Unfortunately there is no 

program, as yet, which can statistically analyse the cluster groups within a dendrogram. 

The similarity coefficient scores are non-independent and as such it is not possible to test 

for statistical significance. As a result the distributions of the coefficient scores can be 

considered but their significance cannot be ratified. 

Dendrograms were created using average linkages, as explained before in chapter 4, and 

as a result any effect may have been muted by the chaining process. To circumvent this 

problem the original similarity coefficient scores for each pair were consulted. If the 

choice of pathway was in some way linked to gender then one might expect the male- 

male and/or female-female pairings to have higher similarity coefficient scores than male- 

female pairings. The coefficient matrix was organised to create three blocks, one 

containing all the male-male scores, one for female-female scores and one for male- 

female scores, the matrix provided the coefficient score for each pair within the data set. 

To compare the distribution of values a cut off point was needed that would provide 

equal numbers of high and low scores. The top and bottom 25% of the similarity scores 

was calculated for each food item. The two values chosen appeared to best represent the 

cut off between scoring a high coefficient and a low coefficient, the middle 50% 

representing those in the middle of the range, who showed neither high or low 

similarities. 
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It was not possible to use statistical tests on the scores as the data failed several 

statistical assumptions. The matrices provide the scores for every pair of animals, which 

means that the same individual appears many times. This has the effect of inflating the 

number of scores in the test, the multiple scores for each individual are not independent, 

a requirement for all statistical tests. If a statistical test were to be used there would also 

be the problem of multiple tests which increases the probability of getting a significant 

result by chance, known as false positive results 

used when non-independent data was considered. 

Results 

Similarity of Pathways Used In Eating Termites: 

As a result no statistical tests were 

The first set of results to be considered will be for termite feeding. The results of the 

cluster analysis has been presented in the form of a dendrogram, figure 8.1. The 

dendrogram represents the similarity of the individuals, but it is possible to consider the 

different clusters at varying levels of similarity. At the weakest level of similarity the 

cluster diagram is split in two, figure 8.1; the animals from AAlpha to ASF2 all use the 

pathway pick up R>0.50 while all the animals from ABeta to AWhijn use the pathway 

pick up L>0.50. In the first cluster (AAlpha to ASF2) there are 2 groups of individuals 

who share the highest similarity at 0.984, the pair ASF4 and AWhiF share just two 

pathways while ALSF2, AScrap and ALWhisk share three pathways. All five individuals 

were dealing with wingless termites on the ground. AAlpha and AScar were also eating 

termites in a similar situation while using slightly different pathways. AFour and ASF2 

link in to these animals because they were using their right hands, their lower similarity is 

due to the fact that they were eating the termites at the time of a flight when many of the 

termites were in the air and the monkeys were catching them. This pattern is reflected in 

the second cluster; ABeta and ABug ate termites off the ground, but using their left 

hands to pick up, while the other four individuals at lower similarity were both picking 

up termites off the ground and catching them in the air. 
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The diagram could be used to look for the influence of the independent variables. In the 

case of termite feeding only data for A Troop was collected, with no troop influence 

would there be an effect of gender? 

The effect of gender on choice of pathway. 

From simply looking at the dendrogram, figure 8.1, there was only one gender cluster, 

that of the females ASF4 and AWhiF at 0.984 similarity. In table 8.1 both high 

(similarity coefficient higher than 0.666) and low figures (similarity coefficient lower than 

0.301) appeared to be spread throughout the table, regardless of whether the block was 

one sex or both, suggesting there was no gender effect. When the proportions of high to 

low scores was calculated for each block there did appear to be a trend towards high 

scores between males and low scores between females, see figure 8.2. There appeared 

to be no reason for this trend, with similar numbers of male and females catching termites 

in the air or collecting them off the ground (2 out of 6 males caught termites in the air 

compared to 4 out of 9 females). 

Figure 8.2 A histogram showing the proportions of high to low scores within the three 

groups for ehr; male to male male to female and female to female: 
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The effect of age on choice of pathway 

Referring to the dendrogram (Figure 8.1) the clusters showed some evidence of an age 

effect but there was no consistent pattern, three of the juveniles, ALSF2, AScrap and 

ALWhisk, were joined at the highest level of similarity, but the three other juveniles were 

more similar to adults. Once again the coefficient scores were consulted, this time the 

coefficient matrix was divided into an adult to adult block, an adult to juvenile block and 

a juvenile to juvenile block. From the pattern of shading, table 8.2 there appeared to be 

an even spread of high and low scores throughout the blocks, this was reflected in the 

histogram, figure 8.3, presented below: 

Figure 8.3 A histogram showing the proportions of high to low scores within the three 

groups for age; adult to adult, adult to juvenile and juvenile to juvenile: 

proportion 
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This suggests that there was no effect of age on an individuals choice of pathway. Out 

of the six individuals who caught flying termites, three were adults and three were 

juveniles. 

adult- adult- juvenile- 

adult juvenile juvenile 
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The effect of relatedness on choice of pathway 

The numbers next to the individual's name on the dendrogram (figure 8.1) refer to their 

matriline as outlined in figure 2.4 (these were not entirely certain; as the study was 

relatively short it was not possible to ascertain all the relevant relationships). When 

considering figure 8.1 it was fairly evident that clusters were not closely linked to 

matriline. Taking matriline 2 which had 5 individuals represented in this data set (see 

figure 2.4 for the relationships), the closest level of similarity between two members is 

0.660 between ASF4 and ALSF2. But in fact ALSF2 is only linked to her mother ASF2 

at similarity 0.340. Even further away is AAlarm, split from the rest of her matriline at 

similarity 0.199 - the lowest level of similarity. To confirm that these individuals were 

indeed scattered randomly according to relatedness the similarity coefficient scores were 

taken from the matrix for pairs of related individuals. At 0.50 relatedness (or 1 /2 the 

genome shared) the mother - offspring scores were used, at 0.250 (or 1/4 of the shared 

genome) the scores were taken for sibling pairs, aunts, nephews and nieces; at 0.125 (or 

1 /8 shared genome) the pair scores for cousins were used. A control group was included 

consisting of non-related pairings of which one was an adult and the other a juvenile. 

Refer to figure 2.4 for the matriline relationships. A regression analysis on the scores 

gave no relationship (Regression analysis F ratio = 0.93, d. f. 1,14 p=0.765) between 

the similarity scores and the degree of relatedness of the individuals, refer to figure 8.4 

for the graph. The most related pairs were on the right, the control group were the far 

left. 
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Figure 8.4 A graph to show the effect of relatedness against similarity scores, where 0 
indicates non-related pairs and 0.5 pairs who share half their genome (i. e. mother 
offspring pairs): 
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Thus it would seem that the independent variables of sex, age and relatedness were not 

affecting an individual's choice sequences of elements. 

Similarity of Pathways Used In Eating Leaf Shoots: 

Analysis of termite eating has demonstrated that using a combination of dendrograms 

and coefficient tables, it is possible to examine the similarity of individuals using a variety 

of pathways to eat a type of food. The same process will now be used to consider the 

similarity of individuals eating leaf shoots Unlike termite eating there was no effect of 

laterality in the choice of pathway. 

The main feature of the dendrogram, figure 8.5 is the overall low similarity of the 

individuals and the lack of high similarity clusters. There is one pair who are linked at a 

higher similarity than 0.634. These two individuals tend to pick fairly large leaves and 

eat from the hand. The overall diagram is split into three groups, a central cluster from 

ASorrow to BBi (which includes the high similarity pair) and then two small clusters on 

either side (AFour to ACutey and AScar to BBn). The top cluster, AFour to ACutey 
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use the most pathways. They have two common pathway with the central cluster, hold 

C- bite off and hold C- pick H. The larger central group vary in the number of 

pathways they use, but all have in common the amount they bend round and bite off a 

branch, and how often they eat - bite off. The last cluster, AScar to BBn, use only a few 

pathways. As a group they have no pathways in common with the other two clusters but 

as individuals they do have pathways in common with other animals. 

The pathways used by the animals were used as the measure to create the dendrogram. 

The next question to be considered was what factors may have influenced the monkeys 

to use those pathways in the first place. As mentioned in chapter 4, the group "leaf 

shoots" was made up of several species of tree and shrub, refer to table 2.2. It may be 

that the different species required different combinations of elements to process them, 

something that was not detectable at the data collection stage, where species of food 

were only clumped together if they were processed using the same sequences of 

elements. For each animal in this data set the number of bouts eating each different 

species of leaves was calculated and then compared to the distribution of animals within 

the dendrogram, table 8.3, the animals have been listed in the same sequence as the 

dendrogram for clarity. 

From table 8.3 there does not appear to be a pattern between leaf species and choice of 

pathway. The top cluster, AFour to ACutey ate from a variety of species, it is interesting 

to note, however, that these three animals used the most number of pathways and were 

also recorded in many bouts of leaf processing. The grip data, presented in chapter 4 

found a relationship between the number of grips used to perform the elements and the 

species, Dalbergia, where more grips were used in its processing by the individuals 

AFour and ASF2. This pattern was not seen in the element data. All three individuals 

who ate from Dalbergia were spread between the different clusters. The animals within 

the central cluster (ASorrow to BBi) ate from all five species. 
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Table 8.3 Showing the number of bouts recorded for leaf shoot species eaten by animals 

(listed in the same sequence as the cluster diagram, mire 85) 

Dalber a Shinus Morus Rhus Pawpaw 
AFour 1 4 2 1 
BPupa 1 1 3 
ACutey 6 3 
ASorrow 1 1 2 
AWhisn 4 1 
ASF2 1 2 1 1 3 
BLegs 1 1 2 
ASF3 1 1 
BV 2 4 
BBi 1 2 
AScar 1 1 
AScuff 1 2 
BBn 1 

Four independent variables (gender, age, troop membership and relatedness) were 

considered in relation to the question of why some animals were more similar in their use 

of pathways than others. The first variable to be considered is the effect of gender. 

The effect of gender on choice of pathway 

The coefficient matrices were organised into three blocks of scores; male to male, male 

to female and female to female. The bottom 25% of the scores were highlighted as pale 

blocks at similarity coefficient score of less than 0.100, the top 25% of the scores were 

highlighted as dark squares at a similarity coefficient score of greater than 0.357, refer to 

table 8.4. From the table the scores are not totally random with the female to female 

block having 40% low scores to 20% high scores compared to 14% low and 24% high in 

the male to male block. This has been graphically presented in the histogram below, 

figure 8.6. 
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Figure 8.6 A histogram showing the proportions of high to low scores within the three 

groups for gender, male to male, male to female and female to female- 
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There was no obvious reason in the data why female pairs had lower similarities overall 

than male pairs. No one pathway was used by just one sex. 

The effect of age on choice of pathway 

There was one obvious age grouping of ASorrow, AWhisn, ASF2 and BLegs (similarity 

0.276, figure 8.5), all of whom were adults and one juvenile pair, BV and BBi. When 

the coefficient matrix was considered for high and low scores between adults to adults, 

adult to juveniles and juveniles to juveniles, only the juveniles showed a high score 

preference, table 8.5. The adult to adult block contained more low scores than high 

(32% to 18%), but the juvenile to juvenile block had no low scores and 30% of the block 

was high scores. This effect has been summarised in the histogram presented below, 

figure 8.7. 

male- male- female- 
male female female 



t4--4 

Ü 
N v, 

d 

ýI ý 

ä 
9 

V 

U 
0Q 

c 

vD m 

C) 

M 

C 

Uw 

a) 
a) 

ce 
Nw 

<d 

UQ 

a) 
o 

iöi 

: t'ti 0O O : C": 
00 11r) 

C?: O O ; GT 

V M V 
M 
N 

M oc r 
N _ 
O O 

; ýY O O O O 

T: O C ý} 
S v) ýE ^ i 

ß 

Qj 
C 
v 

7 
h 

O 
.. + 

d 
._ 

7 
ý7 

v 
C 
ar 

7 
"7 

0 

3 

Q< (1ý QQQ Ln Q fý0 WQ CA 

M 
O 
A 

V 
O 
0 
(IJ 

t2 

0 0 
ö 
V 
aý 
0 0 

ý4 

r5l 
o 

sue. N 

C 

ö 
UU 

A crr 

ß. 
U 
1, N 

r- 
00 
N 



288 

Figure 8.7 A histogram showing the proportions of high to low scores within the three 

groups for age, adult to adult, adult to juvenile, juvenile to juvenile- 
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This age effect is only very small, the group size for this food was very small, just 13 

animals and only 5 of these were juveniles. The high scores in the juvenile juvenile 

category only account for 19% of all the high scores, the other 81% is split evenly 

between adult-adult scores and adult juvenile scores. 

The effect of troop membership on choice of pathway 

Troop membership is relevant in this example but appears to have little influence over the 

clustering with members of A and B troop scattered across the picture. The data set was 

skewed in favour of A troop with 8 out of 13 subjects coming from this troop. Using the 

coefficient tables, table 8.6, the number for high and low scores in the A troop to A 

troop block were exactly the same, 29%, the numbers in the A troop-B troop 

comparison were almost as similar with 23% low scores to 18% of the block as high 

scores. This pattern has been summarised in the histogram below, figure, 8.8. 
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Figure 8.8 A histogram showing the proportions of high to low scores within the three 

goups for troop membership; A troop to A troop, A troop to B troop and B troop to B 

troo : 
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The effect of relatedness on choice of pathway 

The variables considered so far have not been able to explain the individuals' choice of 

pathways, so are there any links to matrilines (refer to figure 8.5)? The closest pair in 

similarity is AScar and her grand-daughter AScuff, at 0.440. But the mother of AScuff 

is only linked in at similarity 0.117 (the lowest value on the diagram). BPupa and BV are 

only distantly related (although close in age) and they are separated by a similarity of 

0.260, while BPupa and BBi are closely related and are also separated by the same 

distance. This dendrogram clearly demonstrates that kinship has little effect on choice of 

pathway in food processing of this type. As before similarity scores were taken for pairs 

of varying relatedness, a control group was included consisting of A-B troop pairings of 

which one was an adult and the other a juvenile. A regression analysis on the scores 

gave no relationship (regression analysis F ratio = 0.82, d. f. 1,25 p=0.374) between 

the similarity scores and the degree of relatedness of the individuals, refer to figure 8.9 

for the graph. 

Atroop- Atroop- Btroop- 
Atroop Btroop Btroop 
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Figure 8.9 A graph to show the effect of relatedness against similarity scores, where 0 
indicates non-related pairs and 0.5 pairs who share half their genome (i. e. mother - 
offspring pairs): 
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It would seem unlikely for individuals to be able to observe one another while eating on 

this type of food. The ends of branches were only just able to support the weight of one 

monkey, resulting in very few opportunities for individuals to observe one another. For 

the young juveniles, this was their first exposure to leaf shoots, this type of feeding only 

happening for approximately 3 weeks every year, just after the first rains have arrived. 

Using this technique of data analysis it is clear that the young juveniles are using the 

same techniques as other animals, suggesting maybe that these are the only methods that 

can be used to eat the shoots. 

Similarity of Pathways Used In Eating Sugarcane: 

Sugarcane is a potentially more complicated food than either termites or leaf shoots to 

process. The edible pith is under a tough and fibrous casing which must be removed 

before an individual can access the edible portion below. The next question is, will 

sugarcane, an embedded food source show greater similarity between some individuals 

rather than others, and will the independent variables be able to explain any of the 

variance? 

0 0.1 0.2 0.3 0.4 0.5 
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The dendrogram, figure 8.10 has overall very low similarity. There is one central group 

of higher similarity from AFour to BRo. These animals are characterised by using many 

more pathways than the other subjects in this data set. Not all of these pathways are 

common to all individuals for example, the most similar pairing of BTwee and BLegs at 

similarity 0.804, use 26 and 32 pathways respectively, 22 are common to both. This 

effect of the number of pathways influencing the dendrogram has been shown in table 

8.7. The animals are listed in the same order as the dendrogram, figure 8.10. The 

middle grouping maybe linked at a relatively high similarity (0.366) simply because they 

use more pathways, it may be that the other subjects are not making different choices of 

pathway, merely that they are using fewer of the same possible pathways available to 

them. To ensure that the greater number of pathways used by this central group was not 

a result of the amount of data collected, the number of pathways was compared to 

mouthfuls of data per subject. This has also been presented in table 8.7. Although the 

most data was collected for some of the individuals in the central group, this was not 

true for all the individuals in the group. The amount of data varied from 49 mouthfuls to 

219 mouthfuls of data. Therefore it is possible to conclude that quantity of data was not 

influencing the number of pathways used by individuals. 

The next question to consider was whether the location of sugarcane processing was 

affecting an individuals choice of pathway. The animals ate the sugarcane either on the 

ground or in a tree. It seems likely that if the sugarcane was on the ground the handling 

requirements would be reduced by comparison with having to physically hold the item in 

a tree. For each animal the number of bouts of sugarcane processing on the ground and 

in the trees was calculated and presented in table 8.7. There did appear to be pattern in 

individuals choice of pathway. For 6 out of the 7 most similar animals (AFour to BRo) 

processing was performed in trees and on the ground. One other pairing, AAlpha and 

ABug also ate sugarcane on the ground and in trees. Common to all 8 animals were the 

pathways involving snipcase, mouthpeel and lick, suggesting that these animals were 
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opening up new segments of sugarcane. The location itself did not appear to prevent the 

animals from performing the more difficult elements. 

Table 8.7 Table showing the number of variables and mouthfuls taken for each 
individual and the number of bouts for sugarcane processing in two locations, the around 

or in a tree (order of animals corresponds to the clusters presented in figure 8.10): 

Subjects 
for the 
food type 
Sugarcane 

Number of 
variables 

Number of 
mouthfuls 

taken 

Tree Ground, 
Whole 
Cane 

Ground, 
pieces of 

cane 

AAlpha 15/58 54 3 1 
ABug 15/58 52 1 2 
BFi 12/58 44 7 2 
BLi 17/58 45 3 2 
AFour 26/58 187 5 6 
BTwee 26/58 79 3 5 
BLegs 32/58 219 7 5 
BLove 26/58 151 5 1 
BCheek 23/58 49 3 4 1 
BPupa 23/58 69 1 5 
BRo 23/58 63 2 2 
BWingjn 19/58 66 6 
AWhi'n 15/58 48 5 3 
AWhisn 13/58 65 2 2 
BBrutus 12/58 49 3 
BAF 6/58 87 1 

The processing of sugarcane, whether on the ground or in a tree, was not easy and some 

sequences of actions were limited to the larger and stronger animals. The animals did 

employ a number of different strategies which may have affected the pathways employed 

to complete some tasks. All the subjects at some point attempted to eat whole cane 

(with varying degrees of success), but they also ate smaller pieces discarded around the 

main stem, this was possibly a preferred method for the juveniles. Figure 8.11 shows a 

photograph of several juveniles eating pieces of sugarcane. Therefore one might expect 

sex (males being stronger than females and therefore potentially more able to handle 

sugarcane) and/or an age effect within the coefficient matrix. As for leaf shoots, the 

same independent variables were considered in trying to explain the possible clustering. 
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The effect of gender on pathway choice 

The coefficient matrix was organised into blocks to show the effect of the first variable, 

gender. The data was ordered into male-male, male-female and female-female blocks. If 

there was a gender effect one might expect that the single sexed pairs would have higher 

similarity coefficient scores than male-female pairs. The matrix was coloured 

accordingly, the high values (>O. 310) were shaded dark representing the top 25% of the 

coefficient scores and the low scores (<O. 150) were shaded light representing the bottom 

25% of scores, refer to table 8.8. From the shaded area of the table it would seem that in 

fact for all three groups the proportion of high to low scores was very similar. This even 

distribution of scores can clearly be seen in the histogram figure 8.12. 

Figure 8.12 A histogram showing the proportions of high to low scores within the three 

groups for sex, male to male, male to female, female to female: 

0.3 

0.25 

0.2 

proportion 0.15 

0.1 

0.05 

0 

The effect of age on choice of pathway 

Fm- -,., -- ý 

In chapter 7, it was clear that certain pathways were restricted to age groups for 

sugarcane eating, such as snipcase, hold back and chew - bile off. In the dendrogram, 

figure 8.10, there were several age groupings, BFi and BLi are both juveniles, AFour to 

male- male- female- 
male female female 
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BLove are all adults. When the coefficient matrix was organised into age blocks there 

was no effect of high or low scores on the adult-adult block or juvenile juvenile block, 

table 8.9. The results have been summarised in figure 8.13. 

Although certain pathways were restricted at age groups, there were obviously not 

enough of them to affect the similarity scores. It must also be remembered that there 

were only 5 juveniles in this subject set, limiting any conclusions that can be made. 

Figure 8.13 A histogram showing the proportions of high to low scores within the three 

groups for age: adult to adult, adult to juvenile and juvenile to juvenile: 

proportion 
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The effect of troop membership on choice of pathway 

Troop membership is a difficult factor in this example as there are only 5 members of A 

troop represented in the data set, 3 of whom are scattered amongst the members of B 

troop on the dendrogram (see figure 8.10). This was reflected in the coefficient matrix 

table for troop membership, table 8.10. The high scores were concentrated in the B-B 

troop block and with scores in the mixed troop block of 15 low (27%) and 9 high (16%) 

out of 55 pairings, there is little evidence to suggest any effect of troop membership on 

adult- adult- juvenile- 

adult juvenile juvenile 
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the similarity of individuals pathway choice. This pattern was reflected in the summary 

histogram, figure 8.14. 

Figure 8.14 A histogram showing the proportions of high to low scores within the three 

groups for troop membership, A troop to A troop, A troop to B troop and B troop to B 

troo : 
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The effect of matrilines on this data set were not considered due to the composition of 

the data group. Six of the sixteen animals were adult males whose relationship to the 

other individuals in the troop were unknown. Of the five females none had offspring in 

the juvenile group, any other matrilineal relationships were too distant to be of any 

constructive use. 

Similarity Of Pathways Used In Eating Fruit: 

The last group to be considered was large fruit. Like sugarcane this was a large group 

with many pathways being used by the animals to process fruit. The challenge with this 

data set was its size, 34 subjects have been considered in the analysis. The dendrogram 

representing the similarity of individuals use of pathways appeared to be very 

complicated, figure 8.15. 

Atroop- Atroop- Btroop- 
Atroop Btroop Btroop 
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The dendrogram has four separate clusters; cluster one from AAlpha to BLi, cluster two 

from BTwee to ALSF2, cluster three from AWhisn to BMJ and then cluster four, 

BWingjn to ABli. The four clusters join together at decreasing similarity, see figure 

8.15. Within cluster one there is a group of 7 animals who share high similarity (from 

AlEye to AWhiF). This core group use the basic elements involved in processing large 

fruit with no single handed manipulations. Common element combinations were bite off, 

eat, scrape and lick. The other members of cluster one (AAlpha to BBrutus and AFour - 

BLi) either use fewer combinations of elements or they use different combinations to the 

core group, but the actual elements remain the same. The second cluster uses some of 

the core elements but also elements such as mouthpeel and pick up. The third cluster 

also uses some of the core elements but there are also combinations of single handed 

actions such as take out-bite off H and pick up Pr. The fourth cluster use mainly single 

handed elements with only a few core elements being used. This suggests that different 

animals may be using different strategies to process fruit. 

This variation in strategy could have been a result of either the species of fruit being 

eaten or the location of the processing. The following table, 8.11, shows the number of 

variables against quantity of data and then the location and species of each bout analysed. 

The animals are listed in the same sequence as the dendrogram, figure 8.15. 

There were several strategies employed by the monkeys, they either attempted to eat the 

whole fruit or they ate small pieces discarded by whoever had the main body of the fruit 

or they tried to take handfuls or mouthfuls from a fruit while another animal was holding 

it. The location was not always the same, they ate large fruit on the ground or in 
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Table 8.11 Showing the number of pathways and the number of mouthfuls of data 

collected per subject & the number of feeding bouts for fruit processing in two locations, 

on the ground or in tress & for three species of fruit (order of animals corresponds to the 

order of the cluster diagram, igure 8.15): 

Subjects 
for the 
food type 
Round 

Number 
of 

variables 
used 

Number 
of 

m'fuls 
taken 

Pawpaw 
on tree 

Pawpaw 
in tree 

Pawpaw 
on 

ground 

Pine- 
apple in 

tree 

Pine- 
apple 

on 
ground 

Mango 
in tree 

Pieces 
on 

ground 

AAlpha 11/39 335 2 6 5 1 
BLegs 15/39 227 4 7 1 1 
ABeta 7/39 129 1 2 1 2 2 
BBrutus 8/39 301 2 3 1 
AlEye 11/39 62 1 4 
BBn 11/39 199 2 2 2 1 3 
ABug 12/39 224 2 5 3 
AWhijn 12/39 147 2 3 5 
ASF3 11/39 133 3 2 1 
AScrap 10/39 204 1 5 1 3 
AWhiF 12/39 72 1 2 1 
AFour 10/39 151 3 1 2 4 
BLi 7/39 93 2 1 2 
BTwee 15/39 182 2 2 6 2 3 
BRo 14/39 215 2 2 1 3 
BCheek 13/39 83 3 2 2 1 
ASF2 14/39 83 1 1 1 1 1 

ALSF2 15/39 85 2 1 4 
AWhisn 11/39 181 2 1 2 2 
APushy 8/39 86 2 2 3 1 

AScar 9/39 89 3 1 
ABlindy 10/39 558 10 4 2 1 
BAF 9/39 107 1 2 1 1 3 

BV 8/39 402 1 3 9 4 

Wings 11/39 64 1 2 1 

BPupa 10/39 68 1 1 3 1 
BDif 10/39 108 1 2 1 
BMJ 4/39 58 1 2 4 
BWingjn 11/39 133 2 2 1 1 4 

BFurry 11/39 51 1 2 6 
BBi 6/39 107 4 2 8 

BFi 8/39 307 1 8 1 10 

ASF4 10/39 55 1 1 
ABli 6/39 69 2 3 

the trees. Comparing the four clusters to the distribution of species and location of fruit 

eating provided no explanation for the pattern of the dendrogram. The two most 

common strategies were to eat pawpaw on the ground and to pick up scattered pieces, 

these were observed for nearly the whole data set. Interestingly, the last cluster, 
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BWingjn to ABli, who used predominantly single handed elements were observed 

picking up pieces more often than they were see eating whole fruit. The species of the 

fruit did not appear to impact on the strategy, except, perhaps for mango, all the 

members of cluster two, BTwee to ALSF2, ate mango which was rarely observed 

outside of this group. 

The independent variables may provide a better explanation for the formation of the 

clusters observed than either location or the species of the fruit. 

The effect of gender on choice of pathway 

In the first table the coefficient matrix was organised into gender blocks, with male to 

male pairings, male to female pairings and female to female pairings, table 8.12. Scores 

were highlighted in dark for those values higher than 0.399, representing the top 25% of 

the coefficient scores, while low scores were highlighted in pale, for values less than 

0.177, representing the bottom 25% of the coefficient scores. Across the blocks, the 

number of high to low scores was fairly even, 31% low scores to 23% high scores 

between male pairs and 18% low scores to 24% high scores in females. The lack of a 

gender effect has been summarised in the histogram, figure 8.16, where the columns for 

each block are similar in size. 
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Figure 8.16 A histogram showing the proportions of high to low scores within the three 

groups for gender; male to male male to female and female to female- 

proportion 
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The effect of age on choice of pathway 

-I 

The coefficient matrix was organised into adult to adult, adult to juvenile and juvenile to 

juvenile blocks, see table 8.13. From the blocks there did appear to be an effect of age, 

the adult to adult block was predominantly high scores, 33% in comparison to only 8% 

low scores for the block. The other two blocks were fairly well balanced (for adult to 

juveniles, 30% low scores to 20% high scores; and for juvenile to juvenile pairings 35% 

high to 22% low scores). This effect has been graphically shown in the histogram, figure 

8.17, which shows the difference between the groups. 

The adults preferentially manipulated the whole fruit using the two handed elements at 

higher similarity. Within the clusters (of decreasing similarity) 3 out of 13 subjects in 

cluster 1 were juveniles; 1 out of 5 for cluster 2; 4 out of 10 for cluster 3; but 5 out of 6 

for cluster 4 (at the lowest similarity) were juveniles. It may be that the large fruits were 

too large for the juvenile monkeys to successfully process, an easier option may have 

been to collect the discarded pieces from adult fruit processing and eat them. 

male- male- female- 
male female female 
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Figure 8.17 A histogram showing the of high to low scores within the three 

soups for age, adult to adult, adult to juvenile and juvenile to juvenile. 

proportion 
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The effect of troop membership on choice of pathway 

Across the coefficient matrix for troop membership, table 8.14, there was a tendency 

towards higher scores between A troop members than for the other combinations. For 

the A troop to A troop block, 68% of the scores were high compared to only 23% for 

the low scores. There was also an effect in the B troop to B troop block, only not so 

marked, in this block only 18% of the scores were high compared to 35% of the scores 

being low. The data has been summarised in figure 8.18. 

The clusters within the dendrogram, figure 8.15, do not indicate a strong troop effect, 

not does the pathway data. A mention was made in chapter 7 of some of the rare 

pathways only being used by B troop, but these were only 3 pathways used by three 

individuals. There was no obvious reason in the data for this skew between troops. 

adult- adult- juvenile- 
adult juvenile juvenile 
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Figure 8.18 A histogram showing the proportions of high to low scores within the three 

groups for troop membership, A troop to A troop, A troop to B troop and B troop to B 

troo : 
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The effect of relatedness on choice of pathway 

Of the four food items this data set gives the most comprehensive look at choice of 

pathway in relation to matriline. The pairings were established using the matrilines 

presented in chapter 2, figure 2.4. The same related groups were used as before; at 0.50 

relatedness (or 1/2 the genome shared) the mother-offspring scores were used, at 0.250 

(or 1/4) the scores for siblings, aunts, nephews and nieces were used, at 0.125 (or 1/8 

relatedness) the pair scores for cousins were used. A control group was included which 

consisted of all the females from A troop being paired with all the juveniles from B troop 

and visa versa for the females of B troop. A regression analysis of the scores gave no 

relationship between the similarity scores of pairs and the degree of relatedness 

(Regression F ratio 0.604, d. f. 1,59, p=0.440). This result was presented in a graph, 

figure 8.19, which clearly shows that there was no effect of relatedness in pathway 

choice for processing large fruits. 

Atroop- Atroop- Btroop- 
Atroop Btroop Btroop 



315 

Figure 8.19. A graph to show the effect of relatedness against similarity scores, where 0 
indicates non-related pairs and 0.5 pairs who share half their genome (i. e. mother - 
offspring pairs): 

0.8 
o. 7 
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0.5 

similarity 
scores 0.4 

0.3 
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0.1 . 
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0 0.1 0.2 0.3 

Measure of relatedness 

Conclusions 

0.4 0.5 

To consider the relative similarity of the animals in their use of pathways, cluster analysis 

was used; this portrayed similarity as dendrograms, diagrammatical representations of the 

individuals' pathway data. The dendrogram for termites was characterised by a clump of 

individuals sharing a small number of pathways; these individuals ate termites from the 

ground. Animals joining this cluster at weaker similarities were eating termites from the 

ground and catching them in the air. For leaf shoots, animals forming a cluster shared 

only the basic pathways, with animals joining this cluster at weaker similarities using 

more pathways. The reverse was true of the sugarcane dendrogram with the cluster of 

high similarity individuals sharing the most number of pathways, animals joining at 

weaker similarity used fewer and different pathways. The dendrogram for fruit could be 

divided up into animals using different strategies for fruit processing, either eating from 

whole fruit or picking up pieces around fruits that had already been processed. 

Regardless of the difficulty of processing a food, individual vervet monkeys show very 

high levels of idiosyncrasy. In the only comparable study by Byrne and Byrne (1991, 
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1993), they were able to show that mountain gorillas rely on a few techniques for most 

processing and that most animals have a strong preference for a single sequential order 

of elements. Termites and leaf shoots only required a few techniques to process them 

successfully. But the more complicated embedded foods, sugarcane and fruit, showed 

huge amounts of individual idiosyncrasy with many pathways being used by the 

individuals. Byrne and Byrne (1993) were able to conclude that the gorillas were using a 

single technique for a single task, they called these modal techniques. No such pattern 

was found for the vervet monkeys in this study. 

Although there was no formal statistical package to analyse the clusters within the 

dendrograms, the coefficient matrices provided a useful method when considering the 

effect of independent variables; gender, age, troop membership and degree of relatedness 

on the distribution of animals within the dendrograms. By shading the high and low 

similarity scores for pairs of individuals it was possible to see any patterns. Across two 

of the four food types (termites and leaf shoots) there was a small effect of gender, with 

males being more similar in their strategies than females. No account could be made for 

this distribution from the sequential data. The age of the subjects was the only other 

independent variable to have an effect, and this was limited to leaf shoots where adults 

were marginally less similar in their choice of pathway than juveniles. Overall it is 

possible to conclude that there was no substantial evidence for these variables having 

affected an individual's choice of pathway. Nor did troop membership or the relatedness 

of individuals have an effect. 

Although the independent variables could not in general explain the high levels of 

idiosyncrasy in pathway choice, some individuals were using different strategies to gain a 

mouthful of food. For the two embedded food sources there were three basic strategies; 

remove the outer casing and eat the whole or part of the fruit, or wait until a fruit is 

discarded and continue processing the now exposed edible portion, or pick up the pieces 

scattered around the food item after processing. These strategies were not linked to age, 
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sex or troop membership, rather they reflected the opportunistic nature of the vervet 

monkey. In many cases the juveniles were not strong enough to open the embedded 

food, but could take over an already opened food and continue to successfully process 

the food. With only a few elements being associated with opening an embedded food 

source, such as snipcase, the inability of the juveniles to open the food did not affect the 

overall strategies employed by the monkeys, which may explain the lack of an age effect 

in the coefficient matrices. Adults were not restricted to just opening the food, they 

were observed at different times employing all three strategies. 

The overall picture of the animals' use of pathways was one of high individual 

idiosyncrasy. It is possible that other factors were influencing an individual's choice of 

pathway that were not identified in this study, such as an individual's social companions 

and what techniques they were using. This question of the possible influences of learning 

processes will be considered in the concluding chapter. 
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Conclusion 

It is commonly stated in the primatological literature that primates are very manipulative 

in comparison to other mammals. Yet baseline information about normal object 

manipulation by wild primates appears to be lacking. The fact is that the vast majority of 

studies on non-human primate object manipulation have been done in the unnatural 

conditions of captivity. Most of these have used man-made objects, presented in 

contrived situations, to subjects living in conditions of sensorimotor deprivation 

(McGrew 1977). An important area of inquiry for those interested in feeding behaviour 

in natural habitats is the question of how motor skills are used: such as those used to eat 

fruits protected by hard skins, nuts protected by shells and so on. This study was a first 

attempt to address this imbalance for any monkey species, by looking at a variety of 

aspects of food manipulation; grips, laterality and processing skill. Data were gathered 

on the manipulative skills of vervet monkeys, Cercopithecus aethiops, living in the 

Palmiet valley, Natal, South Africa. It was possible to analyse the processing of four 

food types, presenting differing complexity; termites, leaf shoots (from a variety of 

species), sugarcane (which was a provisioned food) and fruit (again from a variety of 

species). 

Analog vervet monkey food processing behaviour 

At the most detailed level of analysis, various types of grip used in the processing of 

foods were described. Analysis of the grips which vervet monkeys used to process food 

items showed individuals to be highly idiosyncratic in their choice of grip type although 

firm conclusions are not possible because of the known effects of sample size. The 

literature on grip types was not adequate to explain all the vervet monkeys' hand usage. 

This is because the literature is biased towards studies on human and ape manual function 
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and evolution (Napier 1960,1961, Aiello and Dean 1990, Christel 1993). During my 

study I added new definitions in order to adequately describe the monkeys' hand usage, 

particularly in the use of power grips. For instance, the literature describes two types of 

cylindrical grip, whole hand grasp and squeeze grip, but in this study I found had to 

further subdivide whole hand grasp into finer categories whereas the monkeys did not 

have the morphology to enable them to use the squeeze grip. 

Cluster analysis, giving a dendrogram as a diagrammatic representation of the pattern of 

similarity between individuals in their use of different grips, was used to compare 

individuals in their use of grips. There was a consistent pattern across all four foods; a 

cluster of high similarity represented animals which used only a few basic grip types; most 

of the juveniles were included in this cluster of high similarity. Animals who used more 

grips, notably two-handed asymmetrical grips, were predominantly adult animals. They 

also used the same basic repertoire of "core" grips as the juveniles, but - because they 

were using many more grips - they were linked to the central cluster at a lower level of 

similarity. My data gives support to several other studies of detailed manual function 

which have found primate grip usage to be highly idiosyncratic (Byrne and Byrne 1991, 

Christel 1993) and grip usage to be affected by age (Redshaw 1993), although firm 

conclusions are not possible because of the known effects of sample size. 

The overall conclusion from this part of my study is that the descriptions of captive 

monkeys' manipulatory experience do not correspond closely to the capabilities of wild 

monkeys' hand usage. For example, captive studies report monkeys using many precision 

grips: Costello and Fragaszy record Cebus and Saimiri using 9 precision grips, while 

Christel (1994) reports Macaca silenus using 4 grips and Cercocebus aterrimus using 5 

precision grips. In my study the monkeys only used 2 precision grips in all their 

manipulations of the food items. In field conditions, despite excellent levels of 
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habituation, it was not possible to observe the monkeys at the detail described in the 

above studies. Some occasional uses of precision grips could have been missed. But 

equally, the monkeys in my study were in competitive foraging situations and movements 

tended to be quick lest another monkey got the food. This especially applied to termite 

feeding, the vervets' task most comparable to those used in the captive studies; the 

monkeys in my study only used two precision grips for this task. Picking a piece of dry 

cereal or a raisin off a flat surface is evidently easier than collecting termites (an 

unpredictable moving target) on rough terrain. At the present time I am unable to 

conclude whether the monkeys in my study are typical or not of monkeys in their use of 

grips, because there are no data to which I can compare my results. 

The lack of agreement with laboratory based work applies also to the issue of laterality. 

The results from my study suggest that laboratory based experiments are producing 

artificially strong hand preferences in monkey reaching tasks. Out of the twenty one 

studies for simple reaching tasks in monkeys that I reviewed, only two found a population 

preference; but in all of them there were strong individual hand preferences. For 

example, Lehman (1980) reports 35 Macaca fascicularis with a right hand preference 

and 23 with a left hand preference: and Rawlins (1986) found 20 in his study of Macaca 

mulatta with a right hand preference, 17 with a left hand preference and only 8 who 

showed no preference at all. Out of the two simple reaching tasks that I considered, the 

leaf shoot task only resulted in 5 out of 22 animals exhibiting a significant hand 

preference. Termites, on the other hand, did result in more animals showing a significant 

hand preference, 13 out of 19 animals, with 8 showing a right hand preference and 5a left 

hand preference for the task. Most lab studies have used simple reaching tasks and, 

where manipulative abilities have been considered, they have involved artificial tasks not 

necessarily within a monkey's natural repertoire of actions. In particular, the data in this 

study did not support the evolutionary theory proposed by MacNeilage et al. (1987). 
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These authors propose that left handedness originated in visually guided reaching, right 

handedness then emerged, initially for postural support and later transferring to tasks 

requiring high manipulatory demands. The vervets in my study showed a right hand bias 

(although not significant at a population level, 13 out of 19 individuals showed significant 

handedness) for a simple reaching task, collecting termites, where MacNeilage et at 

predict a left hand preference. For two handed tasks there was no support for 

MacNeilage's prediction that they should show a right hand manipulative preference. 

While most showed no significant preference for either left or right hand, one of these 

tasks showed a possible population bias, it was towards left hand use for manipulation. It 

is possible that the lateralisation of processing was low because the embedded food items 

were large and required two hands to maintain the position of the item for much of the 

time. Lateralised hand usage is evidently not necessary for successful processing of these 

items. 

I then considered the sequential order of processing elements (an `element' is the smallest 

action that results in a clear change to the plant material, Byrne and Byrne 1993). Using 

chi-square analysis where necessary I was able to determine that neither laterality, nor 

variation in grips (at their most detailed level of description), were influencing the order 

of elements in processing sequences. I was thus able to clump the grips into groups, 

variation within which had no consequence for the subsequent sequence, using the grip 

hierarchy I had developed to aid identification of grips during data collection. For 

example, the whole subset of cylindrical grips; C2, C3, whole hand grasp and cylindrical, 

were grouped together into the same functional category of "cylindrical" (refer to figure 

3.4). No significant variance was thereby lost, in the resulting broad level of description. 

I then used a computer programme to assimilate all the sequential data into a matrix of 

element sequential transition frequencies for each subject. 
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Using such matrices I was able to construct diagrams of the most commonly used 

sequences. For each sequential diagram, the minimal decision processes used by a 

monkey to process the food were deduced, using the original data, and these were 

presented in the form of a flow diagram. The flow diagrams enabled a very detailed 

comparison between individual animals' feeding techniques. It was also possible to 

construct composite diagrams, summarising all processing sequences used by those 

vervets, from the individual flow diagrams, because the decision processes between 

sequences proved to be overlapping across animals. Cluster analysis was once more used 

to assess individual similarity in choice of sequence. For simple reaching tasks, eating 

termites and leaf shoots, the dendrograms showed that most animals were using a few 

variants from a basic set of simple skills; there was a 'strong' cluster of animals who were 

using fewer sequences than the animals who joined the cluster at lower similarity. By 

contrast, the composite diagrams for the embedded food items, sugarcane and fruit, were 

complicated structures, where all animals were using a large number of elements in many 

sequential combinations. For fruit, the similarity of animals within the cluster diagram 

were related to the state of the food item, for example, animals who tended to start eating 

half eaten fruit tended to share more sequences, and animals who ate scraps from around 

the fruit tended to use a different set of sequences. The independent factors of age, 

gender, troop membership and relatedness could not be linked to an individual's choice of 

sequence. 

Comparing the feeding skills of vervet monkeys with those of gorillas 

Byrne and Byrne (1993), in their study of mountain gorillas' feeding skill, found that 

many different elements seemed to be variants with little functional significance, and they 

grouped these into a smaller set of categories. Each of these was required to reach some 

sub-goal in the food processing, necessary to reach the final goal -a handful of food. In 



323 

my study variants that differed only in the specific grip and handedness could be grouped 

together into functionally equivalent groups, whereas beyond this level the elements did 

have an effect on the subsequent element in the sequence. Thus, effectively, each 

individual element of action in my study was a functionally significant grouping, so no 

further "lumping" of elements could legitimately be done. Byrne and Byrne were able to 

identify 13 actions with functional significance that were necessary to process both nettle 

and galium in the flexible adult manner. With the removal of grips and laterality in this 

study the number of actions per food were as follows: termites, 10; leaf shoots, 7; 

sugarcane, 19 and large fruit 22. 

Using these coarser categories of action, each with different effects, Byrne and Byrne 

were then able to study individual techniques. As they point out, in principle the gorillas 

might arrange the 13 actions in a very large range of logical orderings, but in actual fact 

they did not find many sequences, and they could all be represented in an overall diagram 

which showed just the sub-routines necessary to achieve the goal (for an example, refer 

to figure 1.5). I attempted the same for the vervet monkeys. A goal is defined as the 

overall objective for a behavioural sequence. When a monkey eats a fruit it is possible to 

describe putative sub-routines that would be necessary to reach this point, for example; 

remove skin, discard seeds, eat flesh, the first two processes are required to reach a 

mouthful of food. However, in practice it was not possible to assign any particular 

sequence to these processes. The animals were highly idiosyncratic in their use of 

different sequences. Byrne and Byrne (1993) report that the gorillas would often repeat a 

single series of operations over and over - the ability to iterate is a feature of a sub- 

routine. The monkeys did repeat operations, but not in any consistent sequential order; 

the previous action gave no indication of the next action that would be used in order to 

reach their goal. Thus, the enormous number of sequences meant that it was not possible 

validly to group together elements into sub-routines. Hence, Byrne and Byrne presented 
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gorilla feeding skills as a series of sub-routines which the gorillas had to perform in order 

to reach their goal of a handful of food. Within each sub-routine there was a single 

behavioural sequence. In my study, because there were no clear sub-routines, the feeding 

skills have been presented in the form of sequences of elements which eventually result in 

the desired goal -a mouthful of food. 

Unfortunately Byrne and Byrne do not show any of the sequence diagrams before the 

elements were placed into functionally significant groups, which would be the most 

suitable data comparison for my study, so it is hard to know just how similar the vervets 

were to the gorillas at that level of analysis. However, there are some fundamental 

differences in the nature of the foods eaten by vervets and gorillas which should be noted; 

these may account for the apparent monkey/ape difference. While both large fruit and 

sugarcane are embedded foods, they have no physical defences such as thorns or prickles 

for the monkeys to deal with. The gorillas on the other hand were dealing with prickles 

and hooks, on nettle and galium respectively. The gorillas were processing plants with 

physical defences which require certain responses by the gorilla to enable them to 

successfully eat the item. In contrast, the vervets' food was not defended by anything 

more than a tough outer casing, which may have resulted in them being less highly 

constrained by the difficulty of the food. The "flexibility" in the vervets' processing 

techniques may be a result of the lack of defences constricting their choice of processing 

sequence. The Byrne and Byrne data were collected on gorillas processing wild 

indigenous foods, whereas the vervets ate a mixture of provisioned and wild food as well 

as a mixture of indigenous and exotic items. Where the monkeys were eating wild 

indigenous food, the tasks were simple reaching and Byrne and Byrne give no comparable 

simple food processing for the gorillas. By contrast to the simple reaching tasks, the 

large fruit data comprises mainly exotic food in gardens, although this food has been 

available to the monkeys for many years. Finally, sugarcane was a novel food item in the 
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study, a food eaten by vervets across Natal, but unavailable naturally in the study troops 

area. Both troops ate the sugarcane, and it is very interesting that they used the same 

elements in order to process a mouthful and there was no effect of troop membership on 

sequence use. It may be that for the vervet monkey the food itself may have constrained 

the animals to using a limited repertoire of elements. 

Caveats to proposed interpretation 

The extreme "complexity" noted in the composite diagrams for sugarcane and fruit is 

unlikely to reflect "complexity" in the mind of the animal. It may be that the animals are 

using so many different sequences just because they are not organising their behaviour 

into a definite structure of sub-goals. I consider that such a baroque and idiosyncratic 

pattern of processing sequences is more likely to reflect a stochastic process of decision- 

making in feeding, than the product of an ordered mental plan. These animals may indeed 

not have the cognitive capabilities necessary to order their actions into sub-goals, they 

may just be reacting to the current situation of the food item. Once again, it might be 

argued that the pattern need not result from randomness, but it may be a result of many 

supplantations around clumped resources; underlying order, in the minds of the individual 

monkeys, may not be reflected in behaviour because of constraints imposed by feeding 

competition. The data I have presented in this study showed that many animals often 

process the same food item, whether it was sugarcane or a piece of fruit. It may not be 

worth a monkey's time and effort to remove large areas of casing around an embedded 

food item, only to have it stolen by a higher ranked animal. The animals may be 

responding to social pressures, by obtaining as many mouthfuls as possible before the 

food item is removed by another individual. It was not possible from either the raw data 

or the flow diagrams to establish which of the above possibilities was responsible for the 

large variation between individual's use of pathways. 
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It could even be argued that the gorillas, in organising their behaviour into sub-routines, 

are displaying a rigid response to the processing task, and conversely that the vervets are 

displaying greater flexibility in their processing of the food items. However, the gorillas 

did not in fact show rigid use of fixed sequences; for example, if a handful of galium was 

neatly bundled up, there was no need to clean it further, in which case that stage was 

missed out. Thus they only used those stages necessary to reach the goal, which suggests 

an adaptability in behaviour by the gorillas. 

The interpretations from learning experiments tested on apes and capuchins tool-using 

abilities may shed some light on the conclusions presented here. The literature on the use 

of tools in chimpanzees shows that tool-using behaviour appears spontaneously in a 

variety of contexts (for example, nut cracking behaviour, Boesch 1991,1993; termite 

fishing, McGrew et. al. 1979). It is also reported that chimpanzees will look for, select 

and carry hammers according to the type of nuts (i. e. wood versus stone depending on 

the hardness of the nuts) they intend to crack open (Boesch and Boesch 1990). At the 

tool site, the chimpanzees seem to use tools efficiently and with foresight; choosing the 

most appropriate tool available to them, they position the nut on the anvil so that their 

hits become more effective. Therefore, field observations strongly support the hypothesis 

that chimpanzees represent in advance the requirement of the problem they are going to 

deal with and the relation between their actions and the outcome (McGrew 1992). 

However, the story for capuchins is not so clear. One striking aspect of the research on 

tool use in capuchins (notably Cebus apella) is the degree of individual variability in the 

behaviour (Anderson 1990). A general finding is that only a small proportion of 

individuals living in a group use tools to solve a problem, such as opening nuts or probing 

for otherwise inaccessible food. 
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Recent studies have compared chimpanzees and capuchins on the same problem solving 

tool-using task. Visalberghi, Fragaszy and Savage-Rumbaugh (1995) looked at the 

performance of four species of primate (Pan troglodytes, Pan paniscus, Pongo pygmaeus 

and Cebus apella) at retrieving a food treat from the inside of a clear tube; tools were 

supplied as bundles of sticks. The capuchins tried various means of solving the task, 

nearly always succeeding despite the inefficiencies of some attempts. The capuchin 

monkeys used the sticks to probe the tube, and reliably modified an unreliable tool, 

however, the number of errors (i. e. inserting sticks that were too wide or too short, or 

discarding suitable tools, replacing them with unsuitable ones) did not decline 

significantly from the first block of trials to the second block of trials in either complex 

condition (Visalberghi et. al. 1995). This matches the findings of Visalberghi and Trinca's 

(1989) study with the same species. Visalberghi et. al. (1995) propose that this 

persistence of errors across blocks of trials suggests that the subjects did not achieve full 

comprehension of the requirements of the task within the test period. To be sure, their 

behaviour toward the task was not random, and it improved (although not significantly) 

with experience in both the Visalberghi et. al. (1995) study and in the Visalberghi and 

Trinca (1989) study. Visalberghi et. al. (1995) found no relationship between age and 

performance in capuchins, with juveniles performing similarly to adults on the complex 

conditions. This was not true for the apes, in which the two youngest subjects were at 

first unsuccessful. In contrast to the capuchins, apes, made about the same number and 

kinds of errors as capuchins in the first block of trials, but they made fewer errors in the 

second block of trials. In the `bundle condition' the capuchin's errors did not decline 

significantly across blocks, whereas apes performed this task without error already in the 

first block. These findings suggest, at the least, that apes can acquire more readily those 

associations relevant to the solution of the task; but an equally plausible interpretation is 

that apes acquire a fuller comprehension of the task than do capuchins (Visalberghi et. al. 

1995). Despite this apparent lack of comprehension, capuchins still have a high rate of 
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success in solving these tasks. This is most likely due to their high propensity for 

performing combinatorial and manipulative behaviours through which associations can be 

made for successful attempts. They may learn an association between using a tool and 

acquiring food without understanding how the precise use of the tool influences the 

outcome. In conclusion, apes and capuchins can achieve success in a tool-using task and 

still have an apparently limited understanding of the causal relations involved (Visalberghi 

et. al. 1995, see also Visalberghi and Limongelli 1994). 

Were the monkeys using social learning to develop their feeding skills? 

Any possibility for an animal to learn a specific technique by observing another animal 

depends on the quality of the information transmitted and the corresponding cognitive 

capacity of the observing animal (Wechsler 1988). Socially bonded animals spend much 

time in spatial proximity and they are therefore, first of all, likely to be in each other's 

vicinity when one of them provides information on the quality of a feeding place, and 

perhaps how to feed; and second, this learning situation is less affected by aggression and 

fear as the animals are habituated to each other's presence. This latter state does not 

always apply to vervets: Whitten in 1983 found that vervets at Samburu Game Reserve, 

Kenya, supplanted individuals from both clumped and randomly distributed food items. 

However, this was not the case in my study, where supplants only occurred around the 

very large food items. With these two resources (sugarcane and fruit) many individuals 

were actively chased away by a dominant feeder, with regular stops to threaten even the 

most intrepid juvenile, thus reducing an individuals ability to closely observe what the 

feeder was doing. It is possible that the thick nature of the bush at my study site reduced 

the rate of supplantations, because the feeding animal would have been out of sight. 

Observation of feeding habits among provisioned macaque monkeys indicates that higher 

status monkeys have first access to food resources, and that lower status animals often 
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approach the feeding area only after the higher ranking animals have departed (Frisch 

1968, as cited by Strayer 1976). This was a feature of my study, with much of the data 

being skewed towards higher ranked animals due to their dominance at feeding sites; 

close proximity of a high-status animal often resulted in the loss of the food item by 

subordinate animals. Strayer (1976) suggests that the reticence of subordinate animals to 

feed in the presence of higher status group members would minimise the likelihood of 

dominant animals being exposed to any novel food-related behaviour performed by a 

subordinate animal. But equally it would prevent subordinate members from observing 

feeding skills exhibited by dominant animals. Therefore, primate social dominance may 

indirectly influence social learning, specifically imitation, through its impact on 

distribution of food resources and social spacing of group members, which result in 

differential opportunity for exposure to social models (Strayer 1976). 

There are three basic alternative explanations to describe the development of feeding 

skills: (1) trial and error learning alone can account for the results, which would be similar 

if monkeys were kept single, or if social effects are involved (2) stimulus enhancement 

and/or response facilitation increase the likelihood of the monkeys succeeding by trial and 

error in developing their feeding skill, or (3) within the social environment monkeys use 

observational learning (imitation) to develop feeding skills. Observational learning in the 

form of imitation requires a naive monkey to copy the motor acts from the repertoire of 

another individual (or in "program-level imitation", to copy the overall organisation and 

specific subgoals, Byrne 1995). However, stimulus enhancement only requires the naive 

monkey to observe another monkey approaching or contacting a food to increase the its 

chance of developing the correct technique by trial and error (Spence 1937). Response 

facilitation works slightly differently, as the naive monkey has to be in the presence of a 

conspecific performing an act, already in the naive monkey's repertoire, which then 

increases the probability of the naive monkey doing the same (Byrne 1994). 
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It is possible to look for evidence for social learning by considering which sequences 

different individuals employed, looking for common links between specific individuals. 

The dendrograms provide a pictorial representation of the similarity of individuals' 

pathway choices. However, any cluster analysis loses information in the process of 

linking items into clusters, so to examine pairs of individuals for any effects of 

independent variables I returned to the use of the original coefficient matrices, which 

provide the actual similarity score for each pair of individuals. The distinctive pattern I 

found is one of high individual idiosyncrasy. None of the variables; age, gender, troop 

membership or relatedness showed any pattern towards classes of individuals differing 

systematically on these criteria. My method of calculating coefficients of similarity 

among all individuals (sequences of processing were scored using a binary system which 

was then run through cluster analysis) proved to be a valuable tool in assessing just how 

similar animals were in their choice of feeding pathway. Due to the short nature of my 

study it was not possible to assess "new" techniques, that is, the development of any 

novel processing actions through the troops; but my findings do suggest that both adults 

and juveniles are using the same sequences of processing elements (with only a few 

notable exceptions, such as snipcase - an action requiring arm strength and a large jaw, 

which only adults males could perform), which does not suggest that the monkeys were 

using social learning or social transmission of knowledge. 

Social learning may only become evident when foods present special problems for young 

minds. This is illustrated in Whitehead's (1986) study of social learning in the diet of a 

herbivore, the howler monkey (Alouatta palliata). He found the monkeys to be 

conservative in their selection of leaves but not fruit. The infants tasted and ate anything 

with a primarily fruit-like shape (and a sweet taste), unlike the adults which selected only 

ripe fruit; but while infants tasted leaves that adults did not, they only ingested what they 
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saw the adults eating. Significantly more feeding sequences involved the mother eating 

the leaf before the infant, than the infant before the mother. Although infant feeding on 

fruits was largely confined to periods when other group members fed, infant feeding on 

fruits was generally less co-ordinated with adult feeding, and infants were less likely to 

attend to adult feeders, to wait for adults to feed first, or to feed on the same plant part 

that adults ate. In my study, short duration of availability of leaf shoots and their position 

on the ends of branches very much reduced the chance of young animals being able to 

observe any experienced animals. This difference appears to be a consequence both of 

the difference in habitats and in diet; leaf shoots only made up a small proportion of the 

vervets' omnivorous diet and vervets were only observed eating from a few isolated tree 

species. The howlers have to avoid secondary compounds, which vary from tree to tree, 

and this results in the monkeys having to learn to avoid certain individual trees of "edible" 

species. However, all it would require for a young vervet monkey to learn which leaves 

are edible, is to see adult monkeys in these specific trees. Palameta and Lefebvre (1985) 

state that feeding tasks that merely involve recognition of a novel food item as a potential 

food source require no more sophisticated a mechanism than stimulus enhancement. The 

animals may be attracted to a novel environmental stimulus by the presence of a feeding 

conspecific, and then develop the necessary skills to process the food by individual 

learning of trial and error. Laboratory studies have shown that such enhancement of 

food-associated stimuli can lead to the establishment of new food preferences in many 

species of birds (for example, fork tailed flycatchers, Alcock 1969, and rats, Galef and 

Wigmore 1983). 

Stimulus enhancement may also explain how young juvenile and infant vervets learn 

about termites in their first season, when termite flights are short and unpredictable and 

seasonally constrained. There was no difference in how different age groups ate termites, 

although males tended to be more similar to each other, in that they tended to use more 
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sequences of processing. This may be because young animals' hand-eye co-ordination is 

not as developed as adults', so preventing them from catching as many flying termites. It 

also may be a result of the adults attempting to maximise their intake of an unpredictable 

food source; in order to satisfy their energy demands the adults would have to eat far 

more termites than juveniles. 

Hauser has studied the transition from dependence on mother's milk to foraging 

independence in troops of free ranging vervet monkeys in Amboseli National Park, Kenya 

(1994). He found that the extent of synchrony in feeding between mother and their 

young changes as infants mature. By their third month, infant vervets were feeding at the 

same time as their mother and on the same food item; this synchrony persisted until the 

end of their first year of life, when asynchronous feeding increased in frequency. In 

Hauser's study, those 4 month old vervets who both synchronised their feeding bouts with 

those of their mothers and fed on the same food items that their mothers, had a higher 

probability of surviving to one year of age than did infants who either tended to feed 

independently of their mothers or fed together with their mothers, but on different items 

than she tended to select. In my study, data were only collected on four young juveniles; 

this age set was bigger at the start of my study, but infant mortality reduced the data set. 

The young juveniles did not die from lack of food, or the wrong food. The four young 

juveniles for whom enough data were collected were not more similar to their mothers in 

food processing than they were to other adults. When eating sugarcane and fruit (the 

two embedded foods) the young juveniles preferred to eat smaller discarded pieces, rather 

than attempting to process an entire food item, although this did not entirely stop them 

trying. The main problem for the young vervets was probably their small size, since both 

fruit and sugarcane were large and cumbersome; it is likely that the juveniles were 

restricted in their choice of elements not by any cognitive limitation but by their low 

power to weight ratio. 
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Food sharing is another possible influence on juvenile monkeys in learning feeding 

techniques. I never observed spontaneous offering of the food item by one monkey to 

another; rather the item was either abandoned to another in response to varying degrees 

of agonistic interaction (a supplantation) or the juvenile removed pieces from the main 

item by snatching or by pilfering. It may be of advantage to the mother to allow this type 

of feeding as it may indirectly shape a juvenile's diet towards the appropriate food items 

(although pilfering was only observed for the large fruit items) and it may encourage 

independence (something that happens very quickly to the young juvenile vervet), 

reducing the burden of lactation on the mother (McGrew 1974). It is possible that the 

juveniles were taking cues from their mothers, but the very low similarity scores between 

adults and juveniles and mothers and offspring do not support this idea. Unlike 

chimpanzees, where food sharing has been documented for complex food items, I did not 

observe sharing even for sugarcane, where juveniles had perhaps the most to gain in 

receiving help from adults. 

Roper (1986) points out that "transmission" can occur without naive animals ever having 

observed experienced animals performing the behaviour in question, in this case 

sequences of feeding actions. For instance, Sherry and Galef (1984) were able to show 

that black-capped chickadees who failed to open tubs spontaneously could do so 

following experience of either (a) observing an experienced bird open tubs or (b) 

encountering open tubs containing food. These results show that a behaviour may spread 

through a population as the result of the exposure of naive individuals to environmental 

modifications produced by the behaviour of experienced individuals exploiting a novel 

food source, even when the behaviour is not observed by naive animals. Transfer of 

information can thus occur via a change in the physical environment left behind by the 

experienced animal, normally explained as stimulus enhancement. This is potentially 
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relevant to two food groups here, sugarcane and fruit. There is indeed evidence in my 

data which may support this idea. For sugarcane there were 21 instances of a piece of 

sugarcane passing from one animal to another, each animal changing the physical 

appearance of the food item. Hall (1963) noted a similar occurrence, when older juvenile 

chacma baboons followed adult females and then stopped to dig in the exact same place 

where they had just left. Although the vervets in my study may not have been following 

kin they regularly did follow one another to clumped resources, potentially a valuable 

method in learning how to utilise embedded foods. At a more complex level, Terkel 

(1994) found that only rats that are reared by dams exhibiting pine cone stripping 

behaviour develop an ability to open pine cones efficiently. The young wild rats appear 

to learn the appropriate behaviour by snatching partially opened cones from adults and 

finishing the job for themselves. Only young with experience in finishing partially 

stripped cones develop an efficient method of cone opening. This effect may apply when 

the juvenile vervets in my study picked up processed pieces of sugarcane and fruit; 

processing the smaller pieces may well enable them to develop the skills necessary to 

process a whole item in the future. Out of 21 bout sequences where the sugarcane 

moved between more than two individuals, 17 of the bouts were started by adults; for the 

other 4 bouts, the sugarcane had been processed on a previous occasion and there was 

exposed pith already. Juveniles only ever attempted to eat whole cane once there was 

pith exposed. It would not often benefit the adults to use this strategy as sugarcane is 

segmented and only small areas of pith are exposed at any one time, whereas adults are 

able to use a technique capable of making much larger amounts available. The strategy of 

picking up small pieces around processed fruit was sometimes used by adults, but was 

more consistent across juveniles. This is a useful tactic to gain food rather than attempt 

to tackle a large and cumbersome fruit. 
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Sugarcane can be considered to be a novel food item for the animals in this study. This 

food source was provided during the study and apart from stealing the odd piece from 

local people, the monkeys did not have ready access to this food item. Camberfort 

(1981) proposed that new habits spread through vervet troops along various social 

channels, organised through "pivot" individuals, who are the initiators of the habit. These 

pivot animals are distributed between age classes, resulting in everyone learning from 

everyone; there are slightly higher transmission rates between juveniles and juveniles to 

adult females. Similarly, Kummer (1978) proposed that a member of a primate group 

should choose his partners according to their optimal qualities and skill. In a study of 

Java monkeys, Stammbach (1988) experimentally showed that monkeys were able to 

monitor skills, or at least their effect, of other group members. On many occasions the 

preferred social partners were high ranking animals, but this was not always the case. In 

the study Stammbach was not able to identify the unknown qualities which attracted 

some individuals together, but he suggests that it may be foraging skill. Despite the 

detailed analysis in my study there was no support for these ideas in the data. For 

instance, no pairs of individuals were found that consistently used the same sequences. If 

there were key animals involved in the spread of sugarcane processing, it was not 

possible to identify who they were. Interestingly, no difference could be found between 

the two troops on their processing of sugarcane. Although several individuals from A 

troop were seen with a single piece of sugarcane before the provisioning started, at no 

point were B troop observed with cane other than the pieces provided within the study. I 

cannot rule out the fact that they may have had access to sugarcane before the study, but 

this seems unlikely, considering the vegetation in their habitat. It may be that the 

monkeys are limited in the actions they can use in food processing difficult objects such 

as sugarcane. Thus when the animals were faced with the same problems they perhaps 

independently arrived at the same set of solutions. These general conclusions must be 

qualified in view of the fact that I did not collect data on which animals were observing 
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the focal animal for whom I was collecting feeding data, nor did I collect systematic 

nearest neighbour data. A vervet monkey's feeding actions were performed very quickly 

and required very fast recording. Some of the feeding bouts only lasted for minutes, 

while some went on as long as half an hour. In each case I was concerned that I would 

miss critical features of a vervet monkey's processing if I stopped recording the sequential 

feeding and attempted to record by scan sampling the individuals who were observing my 

focal animal eating. For two of the food items, sugarcane and fruit, the nature of the 

food item changed during processing: as my study is about the development of feeding 

skill I decided that it was more important to establish what the individual monkeys were 

doing rather than trying to record several different types of data inadequately. Indeed it 

would possibly require two data collectors to gather this type of information; one to 

collect feeding sequential data and the other to collect the social data. 

Although the data presented here is by no means complete it does suggest that these 

monkeys are principally using individual rather than social learning to establish their 

feeding strategies (for more comprehensive conclusions more data from juveniles and 

young juveniles would be required). It is likely, but not proven, that the social effects of 

stimulus enhancement, response facilitation, and access to part-processed food, aid their 

learning. Imitation is unlikely. If the vervets were using imitation to acquire techniques, 

then the expected pattern would be of techniques running within families, or perhaps age 

groups, and this should have shown up in the dendrograms or the coefficient matrices, 

which did not happen. This is in direct contrast to the mountain gorillas, where Byrne 

and Byrne (1993) found very high standardisation in their whole study population and 

concluded that the chance of each individual gorilla ending up with the same logical 

program for each food type by trial and error was very low. 
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In conclusion 

In conclusion, vervet monkeys do not apparently organise their behaviours into 

successively smaller sub-goals; rather, they use long sequences of actions which 

apparently relate to the immediate stimulus posed by the physical state of the item. The 

overall structure of their feeding patterns is not organised into a framework, and indeed 

they may not possess the neural requirements to direct their behaviours into complex 

sensorimotor co-ordinations. Rather, they seem most likely to be responding to the 

flexible nature of their food with a flexible set of behaviours. In the comparable ape 

study, the conclusion was that gorilla behaviour shows hierarchical organisation, perhaps 

because of imitation at the program-level (Byrne and Byrne 1991). In contrast, vervet 

behaviour is best described as showing sequence complexity with high individual 

idiosyncrasy. 

It would now be very interesting to use the novel techniques of analysis I have developed 

in this study to look at other species of primate, such as the extractive foraging 

chimpanzee and the savannah-living baboon, to see if they are using delicate bi-manually 

co-ordinated techniques in plant food processing, and whether they then employ more 

socially oriented methods of learning. What has been missing from the literature for so 

long has been the study of social and non-social learning in the wild, where the animals 

are not having to modify their behaviour to human imposed tasks. The ultimate test for 

social learning theory is to place it into a natural context, to observe at first hand how the 

animals learn to use skills important to their own survival - surely the most important 

ones of all and the ones where selection pressures will be at the highest for them to 

succeed. My techniques offer a potential method in which to analyse this type of 

sequence data and can then be used to look in more detail at skill acquisition, across 

individuals and species. 
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Appendix 1 

The Sequential Diagrams for 15 Animals Eating Termites: 

Each diagram shows the most common pathways used for each animal, indicated by the 
transitional probability value for each pathway. Only those pathways above transitional 

probability 0.05 have been included. 
The n values are the number of mouthfuls of data collected for each animal. 
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The Sequential Diagram for ABug Eating Termites 
n= 107 
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The Sequential Diagram for AScrap Eating Termites 
n= 132 
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The Sequential Diagram for AScar Eating Termites 
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The Sequential Diagram for ASF2 Eating Termites 
n=61 
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The Sequential Diagram for AAlarm Eating Termites 
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The Sequential Diagram for ABlindy Eating Termites 
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The Sequential Diagram for AFour Eating Termites 
n=69 

SSSS 

Grab Pick Up Lp Pick Up Rp Grab R 
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1.0 0.92 

Pop In 

0 89 0.07 Pull Off R 

0.09 
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0.22 0.51 

The Sequential Diagram for AWhijn Eating Termites 
n= 130 

SS 

1 Pick Up Lp Pick Up Lp 
0.93 0.93 

0.36 0.14 
0.06 0.05 

Pull Off L Pop In > Pull Off R 
ý). 0 1089 1.1 

Discard L 0.55 Eat 0.86 Discard 

0.72 

1.0 0.05 

Pick Up Lips S 

The Sequential Diagram for APushy Eating Termites 
n= 107 

sss 

Grab L Pick Up Lp Pick Up Rp 
0.9 Miss 10O. 

1.0 

Pull Off L' op In 

1.0 
J, 

0.97 
0.83 

Discard L Eat - 
0.09 

0.19 

0.27 

0.59 

KEY: Where L= left hand R= right hand 
p= pad to side grip 
For full definitions of elements refer to table 2.4. 
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Appendix 2 

The Sequential Diagrams for 13 Animals Eating Leaf Shoots: 

Each diagram shows the most common pathways used for each animal, indicated by the 
transitional probability value for each pathway. Only those pathways above transitional 

probability 0.05 have been included. 
The n values are the number of mouthfuls of data collected for each animal. 
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The Sequential Diagram for AScuff Eating Leaf Shoots 
n=57 
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The Sequential Diagram for ACutey Eating Leaf Shoots 
n= 124 
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The Sequential Diagram for BBi Eating Leaf Shoots 
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The Sequential Diagram for BLegs Eating Leaf Shoots 
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The Sequential Diagram for AFour Eating Leaf Shoots 
n= 263 
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The Sequential Diagram for BPupa Eating Leaf Shoots 
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The Sequential Diagram for AWhisn Eating Leaf Shoots 
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The Sequential Diagram for ASF3 Eating Leaf Shoots 
n= 217 

1 
older0.57 0.85 

0.38 0.07 pp-In 
1.0 0.42 BiteoffH Bite 1.0 

0.45 Ea 0 

ý 0.23 
0.94 

HoId2P 0'08 

KEY: 

Where L= left hand R= right hand H= by one hand 
C= cylindrical grip Pr = precision grip 
For full definitions of elements refer to table 2.4. 
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Appendix 3 

The Sequential Diagrams for 16 Animals Eating Sugarcane: 

Each diagram shows the most common pathways used for each animal, indicated by the 
transitional probability value for each pathway. Only those pathways above transitional 

probability 0.05 have been included. 
The n values are the number of mouthfuls of data collected for each animal. 
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The Sequential Diagram for AAlpha Eating Sugarcane 
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The Sequential Diagram for BLi Eating Sugarcane 
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The Sequential Diagram for AWhijn Eating Sugarcane 
n=48 
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The Sequential Diagram for BRo Eating Sugarcane 
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The Sequential Diagram for BLegs Eating Sugarcane 
n= 219 

Refer to figure 7.12 for the Sequential diagram. 

KEY: 

Where H= in one hand 2= two handed symmetrical grip 
C= cylindrical grip 0= round grip Pr = precision grip 
For full definitions of elements refer to table 2.4. 
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Appendix 4 

The Sequential Diagrams for 34 Animals Eating Large Round Fruit: 

Each diagram shows the most common pathways used for each animal, indicated by the 
transitional probability value for each pathway. Only those pathways above transitional 

probability 0.05 have been included. 
The n values are the number of mouthfuls of data collected for each animal. 
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The Sequential Diagram for BBi Eating Fruit 
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The Sequential Diagram for BV Eating Fruit 
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The Sequential Diagram for AWhijn Eating Fruit 
n= 147 
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The Sequential Diagram for ASF3 Eating Fruit 
n= 133 
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The Sequential Diagram for AFour Eating Fruit 
n= 151 
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The Sequential Diagram for ABlindy Eating Fruit 
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The Sequential Diagram for BPupa Eating Fruit 
n=68 

1 
I 0.93 0.55 

0.89 

SpitOut BiteOff 
0.08 

> HoldO 
0.22 L1.0 0.67 

Eat 0.72 TakeOutPr 

0.88 
0.45 

BiteOffH 

0.06 
1 

0.55 

DiscardH- 

The Sequential Diagram for Wings Eating Fruit 
n=64 

SpitOut 

S 

I Hold20 
0.50 

1.0 0.89 

BiteOff > HoldO 
0.06 

0.10 0.81 
J, 

0.80 

0.77 
Eat TakeOutPr 

0.06 1.0 

0 7' BiteOffH 

0.09 
Discard DiscardH - 
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The Sequential Diagram for AAlpha Eating Fruit 
n= 335 

S 

I Hold2O 
0.20 

0.56 0.71 0.86 

0.14 
SpitOut BiteOff -- > HoldO 

0.24 0.11 0.74 0.18 
0.67 

0.99 
Eat 0,34 TakeOutPr N 00 

-4 Scrape 
0.89 

0.35 
T 

1.0 BiteOffH 

0.07 
DiscardH- 

The Sequential Diagram for AWhisn Eating Fruit 
n= 181 

0.88 

Spitout 

0.24 0.72 
10 

Scrape 
%ýj 

S 

I Hold2O 

L0.85 
BiteOff <- 

I 

Eat 0.45 

0.13 0.29 

Lick 
0.29 

0.61 

The Sequential Diagram for BLegs Eating Fruit 
n= 227 

S 

I Hold2O 
0.22 

0.49 
0.12 

BiteOff HoldO 

0.34 0.27 0.08 10.59 

0.66 
Noe 

Lick Eat 0.30 TakeOutPr 
0.15 

do 1%. 0.58 

0.29 0.72 
0.23 BiteOffH 

- Scrape 0.06 0.70 
0.97 DiscardH 
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The Sequential Diagram for AScar Eating Fruit 
n=89 

SpitOut 

Scrape 

CarryHM 
1.01 

i 
Hold20 1.0 

0.91 
10.86 

0.05 
BiteOff HoldO 

0.21 0.73 1.0 
1.0 

Eat 0.76 Take Out Pr 

0.6 0.4 
0.09 0.6 

BiteOffH 

0.41 

The Sequential Diagram for ALSF2 Eating Fruit 
n= 133 

S 
0.63 

SpitOut0.10 
r 

BiteOff 0.19 PickPr 
0.39 I 0.91 S 

0.50 
IW 

0.45 
0 . 33 Lick 

0 0.88 Pop-in 
0.81 PickUpPr 

Scrape 1.0 Eat Ö BiteOffH <ý 
0.45 

0.06 0.76 

The Sequential Diagram for BCheek Eating Fruit 

n=83 

S 

0.28 
S 

0.28 SpitOut BiteOff 
0.96 0.14 0.46 

Mouthpeel PickUpPr 

0.36 0.77 1.0 

0.08 0.29 Eat 1.0 

0.0.07 BiteOffH 
Lick < le 

0.57 
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The Sequential Diagram for BAF Eating Fruit 
n= 107 

0.6 

SpitOut 

0.16 

S S 

I Hold2O PickUpPr 

I, 0.89 1 
0.2 

BiteOff HoId2Pr 
1 0.61 1 

0.83 1\1I .U 1.0 %4-1 
0 78 HoldPr 

Scrape Eat 

0.11 0.43 
BiteOffH 

(0.4) 

The Sequential Diagram for BBn Eating Fruit 
n= 199 

S> CarryHM 
10.92 

Hold20 
0.23 

0.90 0.53 

SpitOut BiteOff 

S 

0.47 

r- PickUpPr 
`ý-, I cC 0.43 J, e 

0.18 

0.99 
Scrape 

JO 1% 0.17 
0.1; 

0.53 

Pop-in 1 0.29 

Eat 
< 

, BiteOffH 
0.88 

1 0.70 
Lick 

0. ý 

The Sequential Diagram for BDif Eating Fruit 
n= 108 

SpitOut 

0.06 .. -1 
0.54 BiteOffH 

0.36 
0.07 ýV 

Discard DiscardH 

SS 
J 

PickUpPr 
Hold20 4 1.0 

1.0 HoId2Pr 
0.89 1.0 

BiteOff 

0.13 0'ý 
0.74 

0.71 
Eat TakeOutPr 

IT 1n 

0.46 

0.38 
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The Sequential Diagram for BTwee Eating Fruit 
n= 182 

S 

I Hold20 

0.66 0.69 
0.06 

SpitOut BiteOff 
0.93 0.19 0.40 

Mouthpeel 

T 
0.93 

0.77 
0.09 

n IR Scrape 4, Eat ----) PickPr 

0.06 
1 

0.20 Lick 
I 

0.37 
0.40 

The Sequential Diagram for ASF4 Eating Fruit 
n=55 

S 
1 

CarryHM 
1 0.67 

Hold20 

1.0 0.18 
S 

BiteOff Slice 
0.06 

I 0.46 
N 00, PickUpPr 
Eat 0.26 

0.82 

1'0 Pop-In 

0.73 

SpitOut 

0.23 0.7' 
0.07 

The Sequential Diagram for Blurry Eating Fruit 
n=51 

S 

1ý HoId2O 
I100.45 

0.06 Ji 
BiteOff _> 

HoIdC 
0.15 ý10 HoId2Pr 

0.82 0.27 0 TakeOut 

0.88 0.751 
, 
p7- HoIdPr 

Of 0.08 
Scrape Eat - BiteOffH 07 . 71 

0.14 065 

0.10 \jL9- 

006 Discard 
Pop-In 

DiscardH 

T0.27 

0.36 0.40 0.33 
PickUpP 

1.0 Pop-In 



382 

The Sequential Diagram for ASF2 Eating Fruit 
n=83 

S --> CarryHM 
0.86 0.71 

Man. 0.14 Hold20 HoldO 

0.40 
0.06 

0.31 
J0.29 

0 PickPi 
SpitOut BiteOff 0.60 

0.16 0.42 S 

0.19 
0.73 

PirkIInPr 
Scrape tat 

0 
.. r0.63 

T 
0.83 "40.13 

0.06 BiteOffH 

Lick 0.21 
1.0 

0.12 0.47 Discard 

KEY: 

Where H= in one hand 
M= in mouth 
2= two handed symmetrical grip 
C= cylindrical grip 
0= round grip 
Pr = precision grip 
For full definitions of elements refer to table 2.4. 
Brackets indicate transitional probability scores of less than 0.05. 


